亜硝酸動態解析による森林土壌の窒素維持・放出機構の解明 by 黒岩 恵 & Kuroiwa Megumi
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1.1 ĺɜˤȌ@EʍʡƙɞEǌ²A7Eƍ͙ 
 RockströmYF 2009žD¼́ȨăDÇ<?Ƈ(̄-/\¼͡EȨăDƍ͙_Ē
P3Aʼ$Y\[ 9͚ɰEɞńĪͪ͞șÝŉă¤ȫȦ̱ơą¤ƪŰĶgx£Eȵŭ¤ʍ
ʡͮ£EɠɔĺɜąřɭƙɞEŉą¤ĺɜˤȌ@EȯȚùɢEŅā¤ķĺùɢŉą¤
ɠɔŋȊơEȵŭ¤Ōșfa¡xE˿ˏ¤ąřɔ̂DX[ȞǽͫD="?¼͡'Ś
éDȨă@([ńɤÞͷPlanetary boundaries_ǂĩ19-E#;ʍʡEɠɔĺ
ɜąřɭƙɞEŉąFșÝŉăAɠɔŋȊơEȵŭAAUD¼͡'ŚéDȨ
ă@([ĺɜEńɤ_3@D̅$?"[ 3=E͚ɰEIA=@![Aƹǈ1?"[
ƏYFńɤÞEîâ@FɠƦʜEĮƘĀDX<?ĿǵɭCȏ˂_ʬƸ3[-A'Ě
˂@!Z¼͡'ŚéDȨă@(['-EńɤÞ_̅$?1Q#AŌ͉¤ĺɜˤȌ@
E͗ʰƌ&=ʌɌEɞńŉă'ɠ2[Ě˂ơ'![A˼̽_ͧY1?"[(Rockström 
et al. 2009a, Rockström et al. 2009b)RockströmYEńɤÞE˭ŝǛȣDF½ƔE˽
˺EÌĺ'!ZĺɜˤȌ@¦ƓEńɤÞ_˭ŝ3[-AFİ͒@![AEƤˣU![
1&1C'YɛĹ¼ɊȨăDXZĺɜ¨Eʍʡƙɞ'Ō(*Ǌ²/\7\'/Q0
QCșÝɞńVɠƦʜEŉąA̞ă1?"[-AFɪ"'ɋ*ǓŋEɺʊDXZǍ
Ƹ/\?"[ 
 9A$GŴȆȨăąɹɑǗVcgtEɑɍƚɠɔDX[ʍʡEɩąɭŉǃ
E̢ʅ@Ǐò/\[ N2OEɛĹEŌș¯Ɇƃ(324 ppb, 2011ž)FŴȆąÂüEȚȼ
XZ 20%ͦ*OP¦ŝE̜ƃ@Ņā_ʫ,?"[(IPCC, 2013)/YDɛĹEŌ
 2 
ș¯ɆƃF̢Đ 80 §ž́EțƁnaEˬ̻DX[ǭͦɆƃ_ŌżD̅$?%Z̢ Đ
1¬ʝD^9[Ōș¯ɆƃEŽĻŅāəF͗ ŻDͦ"ɾØƃ@̢Đ 2§ 2Ĉž́Dü
Ð'C"-A'ŀģ/\?"[(IPCC, 2013)-E-AFɛĹEɠƦʜ'Ǔć§žċ
ÉE̾ǲ́D^9<?ʦͥ19-AEC"ʍʡDŤ`:ɞńD/Y/\?"[Ě˂ơ
_ɿ1ʍʡE˿ˏ'ÊɆƃEʍʡɞńD̦ƞ1?(9ɠƦʜEɠɔɲD«$[ƍ͙'
ƩƟ/\˽˺/\?"[/YDŌș¯ N2O ɆƃEŉąFɞńVșÝrt~D
ƍ͙_«$#[-A'ɷY\?"[N2O FƪŰĶgx£_ɻņ3[ɔ̂A1?ċ
ɗ@FǭU̳ˢCɔ̂@![(Ravishankara et al. 2009 )Q9N2OFȷşĂǼit
@U!ZȓEǏũƊúĀ_U9Y3-A@șÝrt~_ŉą/5#[N2O Eȷ
ǧąMEŢ«əF 5%DABQ[AˣʇUY\?"[UEE(IPCC, 2013)Ţ«əEǭ
UŌ(" CO2 AȘ̌1?U̳ˢCȷşĂǼitEIA=@![Aʼ$Y\[C6C
Y¦óŔ!9ZEȷşĂǼ' CO2E 298ÛAͦ*Ōș¯@EŧĦ' 118-131žA
̾"9TéɜɭCƾò'Śŝ1?&YUŌș¯Ɇƃ'Śŝ3[Q@DͰ¬ʝÂ¨_ˢ
1̾ ǲD^9<?ɞńƍ͙_ĒP3~£r'![9T@![-\YE˦ȸ¶
ŞVˣʇUZF¼ɊɭDĳŝ/\9ʍʡEɠƦʜME˿ˏ'șÝŉă_Ö̠3[ǛĞ
DÍɢ3[-A_ɿ1?"['¦Ǜ@ʱħ3[ǛĞMEÍɢUƹǈ/\?"[9A
$Gŋ*EŁĜʍʡFɠƦʜEɠɡơ_ú͆1?%ZŌș¯ CO2 ɆƃŅāEƍ
͙_͉ĽɠƦʜ'ˆɌDƭ;ȭ3˂Ā_ú͆1?"[Aʼ$Y\?"[Wang and 
Houlton (2009) Fʍʡĳŝ' CO2ɆƃEŉąAșÝŉăDŦ1?BEX#Dƞʕ3
[&_ʼƨ1?ʍʡ'ɈʡEĳŝ̵DĒP3ƍ͙_˯Ó197EʧǼ-\Q@E
ʍʡEƍ͙_ʼƨ1C"FɈʡĳŝ̵EŪǸµȸÞ_Ō(*̢þ˯Ó1?%Z
Ş͎DFʍʡú͆DX<?XZŭC"̵EɈʡ1&͉ĽɠƦʜDĳŝ/\C"Aµȸ
 3 
19-EX#Dʍʡ˿ˏEŅŌ'ɞńMĒP3ƍ͙Fˠ͐@!ZʮĜɭCƍ͙_
˯Ó3[-AFšǢ@FC"1&13*C*AU¼͡EáƅVɠȨDŦ1?ŋ͘
ɭCǆŎ_«$?"[-AFǡY&@![Aʼ$Y\?"[9A$GErisman et al. 
(2013) F¼ɊɭCĳŝʍʡE˿ˏ'ɠƦʜV¼͡EáƅDŦ1?ĒP3ƍ͙_ 8 ͚ɰ
D^9<?ǔɝ197E͚ɰF(1)ɼ̱¤¹ɼ̱EǇĖ(2)ŌșȞǽ(áƅƍ͙)(3)
ŌșȞǽ(Íɔɠɡ)(4)ȯȚĽEȞǽ(5)ɠɔŋȊơEǆŎ(6)ȢųĽEœșȚł
(7)șÝŉă(8)ƪŰĶgx£@!Z-\YEě͚ɰDŦ3[¼ɊɭCĳŝʍʡD
X[̢þCĂǼF7\8\70, 60, 4, 10, 50, 80, 20, 20%@![AˣʇU<9Ð
$G(1)D="?F¬ɤ¼ĘE 70%'ǁŏ/\[ Â¨E NO3−Q9F NO2−_
ŌșȚ͢Ǘ&YǇĖ1?"[-AQ9(5)D="?FɠɔŋȊơE|t
|Eʮ͘ʇE#; 50%' 5 kg N ha-1 yr-1EŌș&YEʍʡ˿ˏ_ė,?"[-A
_ȁƶDɿ1?"[ 
 -EX#CʍʡƙɞEǊ²F1913 žDh¥¤|rA|}¤¥¥'
a£aĜƪȣͪ¥¥¤|rȣͫ_ŴȆˤȌ@ɾʎ1?&Y^4& 100 ž
OBÉDƠ̜D̠˗1?"[1970 žÁDF¥¥¤|rȣDX[Ōșʍʡ
Eĳŝ̵'ˆɌɣǸEŌșʍʡĳŝ_¨Į[X#DC<9Aʼ$Y\?%Z
(Galloway et al. 2003)Ō̵DɠƦʜMAƸ;̑Q\9¼ɊɭCĳŝʍʡF͢ ǗEŅ
ɡA¬ɤ¼ĘEƠ̜CŅā_Ě˂D19ɛĹ@F¬ɤ¼ĘE 50%'¥¥¤|
rȣDɣǸ3[ʍʡ̄ȻE͢ǗɠɡDX<?ʬƸ/\?"[AˣʇUY\?"[
(Erisman et al. 2008) 1&1ŴȆɭʍʡĳŝDX<?ǚ9DɠƦʜDƸ;̑Q\
9ʍʡE#;͢ ǗA1?ĕʉ/\?ùɢ/\[ʍʡF.*¦̬D̢)4ŌĉEʍʡ
FɠɡE̢ʅ@itƦA1?!["FķŇ&YEȩòDX<?Ŏ^\[=QZķ
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ŇɠƦʜD˿ˏ/\9ʍʡF/Q0QC̱ą̪åɖƦMAŉǃ/\C'YɠƦʜî_
ƙɞ1ȚʜVŌșE̘̎¡vtDšǢDƷǒ3[-Eƙɞ¡vtEěE̢ʅ
FĺɜɞńDɩC<9ƍ͙_ĒP3'7\Fě̢ʅE¡¥=QZ̜ƃDÒŗ1
ɠƦʜMEƍ͙FǜʿĂǼEX#DǯɮCUEDUŤǿͤąEX#DǯŠCUEDU
CZ#[GallowayYF-EX#Cʼ$Ǜ_ ”nitrogen cascade” Aŝʸ1ɠƦʜ_
ƙɞ3[ʍʡE̚ȑɭCŉǃA7\YE̞͂7E̜ƃE̳ˢơ_Ɗ˹19(Galloway 
and Cowling 2002)ʍʡƙɞE¡¥DÒŗ1?ɞńƍ͙'ȟŝ1#[-ADā$
ɞńƍ͙DAUC<?ʍʡƙɞ¡¥'ŉą1#[ɉUQ9̳ˢ@![9A$G
Aber et al. (1998)FȃǻMEʍʡȩè̵EŅā'ʍʡƙɞEǌ²_Ȗ͊ɭDƇ(̄-
3Aʼ$7Eŉą_!Y^3ʍʡͣħ_ǂĩ193C^;UAUAʍ
ʡú͆©D![ȃǻD%"?(t~¥sͯ)ʪʫɭDʍʡ˿ˏ'ā^[-ADX<?F
2TFɠɡơ'ͦQ['(t~¥sͰ)ȑʓDɼą̜ƃ'Ņā1ɠƪ19 NO3−Eȴȩ
Ț¤ĺ©ȚCBMEȩòV˃ʍDX[ N2OEɠƪ'Ņā1(t~¥sͱ)ǭʤɭDFȄ
ɔVƚɠɔEˢȜ̵_̅$[ NO3−EȩòVitƦA1?EǏòE/YC[ŅāDā$
ķṈ̌ơą'̠˗1ȃǻE˜̗_Ƈ(̄-3(t~¥s 3)A"#UE@![-EX#
DʜMEʍʡȩè̵EŅāDÇ<?ʍʡEƙɞ̜ƃ'ŉą1ɲŦɭCŉǃʦ̉E̳
ˢơ'ŉą3[-ADXZ7\Q@ʜî@×Ƹ/\?"9ʍʡ'ʜŊDǏò¤ȩò1
?"*Aʼ$Y\?"[Ş͎Dʍʡͣħɛ˾'ȃǻɠƦʜD%"?ɠ2?"[E&ğ
&D="?Fʍʡȩè̵EŅāDÇ<9ȓĤɠƦʜɠɡ̵(NEP)Eȵŭ'RY\C"
(Magnani et al. 2007)-A&YɪĪ'Ģ/\?"['-E˺ǕD%"?FʍʡEƺă
(Ɇƃ¤ŉǃ̜ƃ¤ȩò̵CB)D="?¥y'ǂɿ/\?"C"¦Ǜ@ʍʡͣħ
DʒĜ19ɷˣFŋ*EȃǻD%"?RY\[-A&Y(Aber et al. 1998, Fenn et 
 5 
al. 1996, Aber et al. 2003, Venterea et al. 2004)ʍʡͣħ@ǂĩ/\?"[ɛ˾
'̳ˢ@![AEˣ˧F¦ˉɭDǍƸ/\?"[(An De Schrijver et al. 2008)-\
YE-A&Yʍʡƙɞ¡¥V7EŉąE˧ǺFɞńƍ͙EµȸVɞńŉăDŦ
1?ɠƦʜ'BEX#CɖƦD![E&_ɷ[-A'@([Ě˂ơ'![ɉ@̳ˢ@
![ 
 
1.2 ȃǻɠƦʜD%,[ʍʡ¡¥ 
 ǞǵFĴķE 67ͩ_ȃǻ'ČTͪǻ̴ſ, 2010ȃǻ¤ǻȆɬǫ ͫȃǻɠƦʜEɠɡ
ơVɔ̂ƙɞFĴķɞńDŌ(Cƍ͙_«$?"[Aƣŝ/\[ʍʡFŋ*Eȃǻɠ
ƦʜD%"?ȄɔEɠ̾AƚɠɔEȨă_ú͆3[°ˢCåʡ@!Z(Vitousek and 
Howarth 1991)ʍʡEƙɞ×Ƹ¤ȩòȏȉ_ǡY&D3[-AFȃǻEɠɡơEʬ
Ƹ¤Ğ¨E9TD(^T?̳ˢC˸͞@![ŋ*EȃǻɠƦʜ@FʍʡEȩè(c£
|)Aȩò(ad|)'Ș̌ɭ̷ZĜ<9ɖƦD![Aɕˋ>,Y\ȩòè3
[ʍʡ̵FȃǻD˓ʇ/\?"[ʍʡ%XJķŇɠƦʜEC&@î̬ƙɞ1?"[ʍ
ʡ̵AȘ̌1?͗ŻDŬ/"(Bothe et al. 2007)/YDȃǻķŇ¯EʍʡąĜɔF
90ͩÂ¨'ķŇǯȏɔ¯Dĳŝ/\9ǯȏƦʍʡ@!Z7\ÂŊEOA`BFȄɔË
cgt'ČTɋȏƦʍʡF 1%DUȺ9C"(Bormann et al. 1977)3C^;
ʍʡFȃǻɠƦʜî̬@×Ƹ/\[ãĞD!Z^4&D1&ŗĹ1C"ɠɔDùɢ
Ě˂CƌƦEʍʡͪÊóŔEǯȏƦʍʡ%XJɋȏƦʍʡͫEȨɫCƙɞ'ȃǻEɠɡ
ơ_Ǎ$?"[19'<?-EùɢĚ˂CʍʡEɠƪVŉǃȭ́'BEX#
C̜ƃ@ɠ27\YE̜ƃ'BEX#CˢįDX<?ŉą3[&FȃǻɠƦʜ_ȉ
ƪ3[ŋȊCɠĦ'BEX#DʬƸ/\ɠƦʜîDŗĹ3[¤U1*Fȩò1?"*
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ɔ̂'ĺɜ¨Eɔ̂(ͤó)ƙɞDBEX#DÍɢ17\'̓"ŪǸEɞńŉăDŦƞ
1?BEX#Dŉą1?"*&_ɝ˧¤µȸ¤ʗɝ3[#$@ȟŝɭD̳ˢCƢŀ@!
[ 
 7-@ƕǸFċÉǤ́!9ZEɋȏƦʍʡ˓ʇ̵_ķŇ¯EɋȏƦʍʡE¡¥A
RC1?˽˺'˗^\?(91&1Ş͎DF-\FɠƪAȭ́EŶóD3)4
ɴEɠƪ̜ƃ@FC"-Eİ͒_çǰ3[9TDĿ̂Q9FɠƪɔE¥_ 15N
@1![ʜD%,[ĝÉËEă(_Ǥʜõ@̖#-A@ɠ2?"[Ĕƞʦ̉
_ɕŝ3[!["FĔƞ̜ƃ_ŝ̵3[Ƭȣ'ɫŮ1?(99A$GDavidson et 
al. (1992) FOA`B NO3−'˓ʇ1C"ķŇD%"?U͠˒C NO3−ɠƪA NO3−ȭ
́'ɠ2?"[-A_15N _ɢ"9 NO3−Eɠƪ̜ƃ¤ȭ̜́ƃEȸŝDX<?ǡY
&D19-E-AFƕǸɼąȨơEƹȋA1?ɢ"Y\?(9ċÉǤ́!9ZE
NO3−˓ʇ̜ƃ(ɆƃEŉą)FƹȋA1?ªćó@!ZɠƪVȭ́E̜ƃ_ŝ̵3[Ɲ
ˢ'![-A_ɿ1?"[ 
 
1.3 ȃǻķŇEʍʡƙɞAɼąE̳ˢơ 
 ɋȏƦʍʡEɠƪ¡vtE#;NH4+EɠƪF˞͢VķŇăɔ¤ķŇƚɠɔD
X[ǯȏɔó˧EʧǼɠ2[Aʼ$Y\?"[Ǐò/\9NH4+F̜̒DƚɠɔDX
<?ĝą/\#['7\Dā$NH4+FȄɔDX[ġĕķŇ̹ɔMEġɵDX<
?ȭ́/\[NH4+E#;E¦̬FɼąƚɠɔDX<?̱ą/\NO3−MAŉǃ/\
[(Schlesinger and Bernhardt 2013)NO3−F˃ʍEĿ̂AC<?itƦʍʡME̪å
_̛2?ɠƦʜ&YEʍʡEǏòĒɉAC[Q9ag£@![9TD¦ˉɭD
ķŇD×Ƹ/\>Y*ag£ġɵEʅƃU¿Eag£AȘ̌1?ƈ"ͪPO4− > 
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SO43− > Cl− > NO3−ͫ9TšǢDȚʜMEȩòĒɉAUC[¦Ǜ@NO3−EƷǒ
ÕǓFNH4+E7\AȘ̌1?1g¥z¥ʅƃŌ(*ͪËʇĠȚə'10-26%EA(NH4+
@0.4−2.3 × 10-7 cm2 s-1, NO3-@0.5−4.3 × 10-6 cm2 s-1 ; Gregory 2006ͫķŇ¯@Ʒǒ1
V3"9TDȄɔDA<?̳ˢCʍʡȻAC[Ě˂ơ'![Ş͎D͂ ǹEjǻ
D%"?ȄɔˑķŇ¯EɋȏƦʍʡȽŗǯȏƦʍʡEʍʡˆɌŚŝĝÉËȘ_ȸŝ
19ɺʊ&YFɼ̱Ɇƃ'ͦ"ȃǻD%"?ȄɔEʍʡȻA1?ɼ̱EɲŦɭŢ«
'Ō(*C[-A'ɿĨ/\?"[(Takebayashi et al. 2010)Q9ɼąA˃ʍE̢
ʅ&YF7\8\NOVN2O'ɠƪ1ɼąF˃ʍEĿ̂_ɠƪ3[¡vt@![E
@-\YEitEɫɠ̵FĿǵɭDɼą̜ƃDÒŗ3[Aʼ$Y\?"[(Firestone 
and Davidson 1989)-EX#DNO3−Eɠƪ(ɼą)'BEʅƃɠ2?"[E&Fɠ
Ʀʜ&YEʍʡEǏò_Ƈ(̄-3ɉAͤóÑʨEɉEēǛ&Y̳ˢ@![ 
 
1.4 ʍʡƙɞA*DɼąD%,[ NO2−E̳ˢơ 
 ɼąFa£a̱ąa¥ja(ammonia-oxidizing archaea͸AOA)Va£a̱
ąʣː(ammonia-oxidizing bacteria ; AOB)'ƴ# NH4+&Y NO2-Q@E̱ąANO2−
̱ąʣː(nitrite-oxidizing bacteria ; NOB)'ƴ# NO2−&Y NO3−E̱ąE·Ȗ͊EĔ
ƞ@![1&1ɔ̂ƙɞEó̴@F NH4+̱ąA NO2−̱ąA"#ǵǸɩ̂CĔƞ_
ɼą(NH4+→NO3−)A"#¦̞EĔƞA1?Ƽ$?(99TDƚɠɔEƢŀAɔ̂ă
ƦEƢŀ_Î59ʛɾC˽˺'òǸ?"C"9A$GɼąȨơEȸŝD%"?ɔ
̂ƙɞEó̴D%"?Fɼ̱ɠƪ̜ƃEȸŝ_˗#¦Ǜ@ƚɠɔɠƦřEó̴@ɼ
ąD="?˽˺3[͎DFa£a̱ąƚɠɔ'U=a£a̱ą̰ʡ
(ammonia monooxygenase ; AMO)_n¥3[̨ÆŔ(amoA)Q9F-\YEó͡
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ʷDɕɩɭC 16S rRNĄÆŔEŃĿ̮õ_Ŧ˾A1?óǺ_˗#üʽ'Ŧ˾A1?
"[¡vtF NO3−ɠƪ@!ZƔʽ'Ŧ˾A1?"[EF NH4+̱ą=QZ NO2−
ɠƪ@![-\Ya£a̱ąƚɠɔE̵VȨơ'ķŇ¯E NO3−ɠƪȨơAɲ͂
3[ÐFŭC*7E¦įA1?¨ˬEX#DŦ˾A1?"[ɔ̂Et|{'
ʼ$Y\[ 
 ɠɔDùɢĚ˂CʍʡEăƦ˧ǺF-\Q@a£d(NH4+)Vɼ̱(NO3–)!
["F¦̱ą·ʍʡ(N2O)_¯ƜD˧Ǻ/\?(9¦Ǜ@ɞń¯EɆƃ'Ê*Ĕ
ƞơ'ͦ"9TDȅòCYJD ¥t'İ͒@![ NO2−F7EăƦD="?O
A`Bɵɰ/\?-C&<9NO2−_ʼƨD"\C"-AEȓƋơFNO2−'ɞń¯
D˓ʇ1C"-A&YɼąEƓ̜Ȗ͊'a£a̱ą@!Zɠƪ19 NO2−DÒŗ
19 NO2−ȭ́'̜̒Dɠ2[@!]#A"#üǂDX<?ƴ×/\?(91&1Ş
͎DFˠǓEɺʊDX<?NO2−F NO3−ÂŊDUitƦʍʡ(NOV N2O)MAąř
ɭDUŉǃ/\[-A(Venterea and Rolston 2000)NO3−AAUD°ˢCʍʡȽ˃Ȼ
ACZ#[ȽŗǯȏƦʍʡ(dissolved organic nitrogen ; DON)MAšǢDŉǃ/\#
[-A(Davidson et al. 2003)'ɿ/\?"[/YDNO2−Fɼą̢ʅ:,@C*
˃ʍ̢ʅ(NO3−̪å)V7E¿EɩąɭŉǃĔƞ (œșơa£a̱ą(a|kt)
ɩąɭɼ̱̪å¹ɼ̱ÒŗEœșɭy£̱ą) E3N?D͂^[ʍʡƙɞE¯@
ȇT?̳ˢC¯́ɠƪɔ@![(Schreiber et al. 2012)-\Q@Eŋ*EɺʊFɩą
ɭCʍʡƙɞEǴʐ=QẔąǓ'ǭŌ(+5, NO3−)&ǭŬ(3, NH4+)Eɔ̂EREƺ
ă_̖<?"[D̢)4¡vtE¯ƜDÉʶ3[¯́ɠƪɔD͂3[Ƣŀ'ĸÜɭ
Dª̆1?"[-E9TÃD¯́ɠƪɔͪNO2−ͫEȖ͊@ʍʡE¡t'ɠ2[
ŁĜFʜéËEʍʡĕǍ_ʛɾDưǄ@(C"/YD̚ȑĔƞ:,@C*ʜEî̬
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@Eƙɞ'ɠ2?"[ŁĜʜ_úƗ1?"[huD="?ʛɾCưǄ'@(C
"-\YE-AFNO2−EăƦ_ưǄ3[-AC*ȃǻķŇD%,[ʍʡEʬƸ¤
ǏòȏȉD="?ćóDǡY&D@(C"-A_ƤĤ1?"[ 
 
1.5 ķŇ¯D%,[ NO2−ȭ́¡vt 
 NO2−FķŇ¯@ˠǓEɠɔɭ¤ąřɭʦ̉DX<?ȭ́/\#[ 
 Q4ɠɔɭ¡vtA1?F(1) NO2−E NH4ͬME̪å(2)NOME̪å(3) NO3−
ME̱ą(4)ĝą'ʼ$Y\[(1)E NH4ͬMEŉǃFɩąɭɼ̱̪åDX[a£
aąƪ(dissimilatory nitrate reduction to ammonium : DNRA)Eʦ̉E¦̬@!
ZDNRA ʣːDX<?˗^\[ȃǻ˛ŰķŇD%"?FNO3−&YE NH4ͬɠƪ
Ȩơ'ȅò/\[-AFʄ@![9T(Stevens et al. 1997, Laughlin and Stevens 
2002, Dail et al. 2011)¦ˉɭDF̳ˢ@![AFʼ$Y\?"C"(2)E NOME
ŉǃFa£a̱ąʣː(AOB)¤¹ɼ̱̱ąʣː(NOB)¤˃ʍƚɠɔ¤a|k
tʣː¤DNRA ʣː¤¹ɼ̱ÒŗļEœșɭy£̱ąʣːA"#ʍʡEɩąɭŉ
ǃD͂^[3N?EƚɠɔDX<?˗^\#[(Pilegaard 2013)-EX#DŋȊCƚ
ɠɔ'-Eʦ̉_ƴ#-A&YQ/DɩąɭCʍʡƙɞE¯ƜAC[Ĕƞ@!['
NO2−V NO EŚŝĝÉËȘȸŝDÇ#İ͒/&Y|ktVʦ̉_ǁŝ3[-AF
OA`B˗^\?"C"(3)E NO3−MEŉǃF-\Q@ŐșɭCȃǻ˛ŰķŇ@
NO2−ȭ́E°ˢC¡vt@![Aʼ$Y\?(9ʦ̉@!ZNOBDX<?˗^\
[Q9a|ktU-Eʦ̉_˗#~£r_ǯ1?"['ķŇ¯@E̳ˢ
ơFǡY&@FC"-\YɩąɭCŉǃÂŊD(4)EːËMEĝąUɠ2#[(Gates 
et al. 2011) 
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 ąřɭ¡vtA1?F°D(1)NOME̪å(2)N2OME̪å(3)N2ME̪
å(4) NO3−ME̱ą(5)ǯȏƦ N MEŉǃ'ʼ$Y\[(1), (2), (3),DX[
NO,N2O,N2EɠƪF-\YEʦ̉_QAT?ąřɭ˃ʍ(ŝʸF NO2−EªŚŝơA
̞͂19itƦ NǆŎ͸chemodenitrification)AĥG\?(9(Clark 1962)-\Q@
Eɺʊ&Y NO2−E NO, N2OMEŉǃĔƞFÂ©E eq 1.1−1.3EX#Dɠ2[Aʼ$
Y\?"[(Chalk and Smith 1983, Pilegaard 2013 ) 
 
3NO2− + 2H+ → 2NO + NO3− + H2O    ----  (eq. 1.1)  
NO2− +Fe2+ + 2H+ → NO + Fe3+ + H2O   ----  (eq. 1.2) 
NH2OH + NO2− + H+ → N2O +2H2O     ----  (eq. 1.3) 
 
eq 1.1−1.3EĔƞƆD%"?ŵ̐D H+'![-A&YUó&[X#DNO2−Eit
ƦMEŉǃF pHDÒŗ1?ɠ2[Aʼ$Y\?%ZpH5.5Â©EǷÄ@̱ơƃ'Ō
(*C[D=\?ɠƪ3[ HNO2 'ĔƞE¯́ËA1?̳ˢ@![Aʼ$Y\?"[
(Venterea et al. 2000, Mørkved et al. 2007)Q9̓žǚ9DNO2−&Yɠƪ/\9
HNO2'ɱǀitƦA1?ķŇ&YǏò/\[-AUǂĩ/\?"[ (eq. 1.4) 
 
NO2− + H+ ⇔ HNO2 ⇔ HONO            ----  (eq. 1.4) 
 
-\FķŇ¯E NO2−' HONO Ew¥tAC[-A@Ōș¯E OH shEÑ
ʨȻACZŌșąřɭDU̳ˢCƎÿ_C1#[-A_ɿ1?"[(Su et al. 2011)
Q9NO3−EɠƪF¦ˉɭDFƚɠɔĔƞDX[A˧̲/\['NO2−EąřɭCŉ
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ǃD%"?U NO3−Fɠƪ1#[(eq. 1.1, Venterea and Rolston 2002, Van Cleemput 
and Baert 1984)/YD(5)EǯȏƦMEŉǃD="?FBremmerY'öT? NO2−
'ķŇǯȏɔDĳŝ/\#[-AD˩Ē1?ÂǸŋǓEɺʊDXZɿ/\?%Z-\
FǯȏɔE¡ą(nitration)V¡wą(nitrosation)DX[͗ɠɔɭCĳŝ@![
Aʼ$Y\?"[(Bremmer 1957, Bremmer and Fuhr 1966, Thorn and Mikita 2001, 
Davidson et al. 2003)Q9NO2−AǯȏɔEĔƞD%"?UĝǤDitƦʍʡ(NO, 
N2O, N2)'ɠƪ3[-A'ɷY\?"[(Bremmer 1957, Stevenson et al. 1970) 
 
1.6 15NO2−_ɢ"9 NO2−ȭ́ʦ̉Eǁŝ 
 NO2−Eȭ́ʦ̉F 1.5 Dɿ19X#DɠɔɭDU͗ɠɔɭDUɠ27EĔƞFŋ
ŲDȶZ͗ŻDˠ͐@![ķŇ¯@E NO2−Eȭ́ʦ̉DFBEX#CUE'ŗĹ
17\8\EĔƞFɞń¯@BEʅƃ̳ˢCE@!]#&7E-A_ȅˮ3[9T
15NU1*F 13N_ķŇDȲā1?ľͤ_˗"Ȳā19ĝÉË_ ¥t3[-A@
ŉǃƑ̉_ĝŝ3[-A'-\Q@˗^\?(9 
 Nelson and Bremner  (1969) FķŇ¯D 15NO2−_Ȳā19͎Dɠ2[ 15NEǆ
ŎͪĮĕ@(C" 15NEÿĜitƦMŉǃ/\9UEA˧̲/\[ͫAķŇDǯȏƦ
A1?ĳŝ/\[ 15NEÿĜͪ2M KCl@ƳòƔEķŇDŗĹ3[ 15Nͫ'ķŇEǷÄ
VƳòǷÄDX<?BEX#Dŉą3[&_ǡY&D197EʧǼ15NEǆŎAķ
ŇDĳŝ/\[ 15NEÿĜF pHAĔȘÐ1ĝǤDķŇEéɈʡ̵DX<?UúƗ/
\[-A_ɿ19ͪķŇ pH' 5-7Eʙı@F¦ŝE pHD%,[ 15NEǆŎAķŇM
EĳŝFķŇɈʡ̵DÒŗ1pH<5@FķŇɈʡ̵EŅāDAUC<?ķŇMEĳ
ŝFŅā19'15N ǆŎFȵŭ19 ͫQ915N EǆŎAķŇMEĳŝFNO2−Ȳ
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āɆƃľͤǤ́ľͤȷƃDÒŗ1?Ņā3[-AĠȚəEŅāF 15NEǆŎ_Ê
©/59'ķŇMEĳŝDFƍ͙1C"-Ag¥k ¥DX[ķŇEȾːF 15N
EǆŎAķŇMEĳŝDOA`Bƍ͙54ąřɭĔƞEŢ«'Ō("-A_ɿ19
Nelson A Bremner E-EɺʊF.*öǲE NO2−ăƦɺʊ@!ZC'YʭţC
ǷÄȅ˫_˗<?%Z̳ˢơEͦ"ɺʊ@!['Ī͞ɉUŗĹ3[NO2−EȲāɆ
ƃ' NO2−Eȭ́ʦ̉EɲŦɭC̳ˢơDBEX#Dƍ͙3[&_ȅˮ19ÐF˒ʽE
ɷ[͆Z-E¦Ð1&ŗĹ1C"'ͪQ9Fitzhugh YU˺Ǖ¯D%"?7EX#D
̕N?"[; Fitzhugh et al. 2003a ͫ7EA(Dɢ"?"[ NO2−ȲāɆƃF 9.8−980 
mg N kg-1A"#͗ŻDͦɆƃEǷÄ@!Z7E¿EǷÄȅ˫Dɢ"?"[ NO2−Ɇ
ƃUȹķ 3 g!9ZD 600 µg NͪĠȚə_ 50ͩA3[A 300 mg kg-1ͫA"#ͦɆƃ
EȲāǷÄ@˗^\?"[Firestone et al. (1979), Firestone et al. (1980) FķŇ
EƩɅȮD 13N@/\9ƚ̵E NO2−_Ȳā3[-A@NO2−'˃ʍEǭʤɠƪ
ɔD«$[ƍ͙D="?ɺʊ_˗<9N2O A N2Eɠƪ_y£l3[-A@
ƚ̵E NO2−ɆƃE¨ǠFɠƪ3[ N2O A N2Eʮ̵DFƍ͙1C"'N2O A N2E
ɲŦɭCȘəDF͠˒Dƍ͙_«$N2O EȘə_Ņā/5[-A_ǡY&D19
-E-AFNO2−ɆƃE¨Ǡ'N2O&YN2ME̪å_ȵŭ/5[-A_ɿĨ1?%Z
NO2−' N2O/N2ȘD«$[ƍ͙Fʔ̵E NO3−AȘ̌1?F[&DŌ(&<9Smith 
and Chalk (1980) FķŇ¯D%,[ NO2−EąřɭCȭ́E̳ˢơ_ǡY&D3[9
TγʰȾː_˗<9Ͳʆ͡EķŇD242 mg kg-1EɆƃ@ 15NO2−_Ȳā1 4Ǟ́ 30
@ľͤ19ƔDǯȏɔA1?Įĕ/\[ 15NF 1.3−40.3%itƦA1?Įĕ/\[
ÿĜF 23.6−41.2%@!<9-A_ŀģ19Q9-EA(Įĕ/\C&<9 15N̵
FǯȏɔMEŉǃ̵'ŋ"OBŭC&<9Q9Fitzhughet al. (2003b) F3.64 mg 
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kg-1EɆƃ@ 15NO2−_Ȳā1ͰǞƔA 30 ǞƔD%,[ķŇǯȏɔɋȏƦʍʡ
ƚɠɔcgtN2N2O¯E 15NĮĕə_ʖò19-EʧǼǯȏƦD 0−62.7%
EȲā 15N'Įĕ/\ķŇǯȏɔ¯E 15N̵EŽĻÞFͰǞƔA 30ǞƔ@Ŷ'RY
\4ŚŝɭDŗĹ1?"[-A_ɿ19Q9ƚɠɔcgtMEĖZ̑R
N2OMEŉǃN2MEŉǃEÿĜF7\8\ȸŝ_˗<9ķŇ¯EǭŌÞ@U 10%Â
©@!Zȭ́ʦ̉A1?ɲŦɭD̳ˢ@FC&<9Fitzhugh et al. (2003a) D%"
?F15NH4ͬ15NO3−EȲāAȘ̌1?15NO2−ȲāǷÄ©@FķŇǯȏɔ&YĮ
ĕ/\[ 15N EÿĜ'ͦ"-A_ɿ19/YDHgCl2 ȽȮ_ȽŒA1?˹ǔ19
15NO2−ȽȮEȲāDXZƚɠɔȨơ_Ʊú19ŁĜAʟȚ_ȽŒA1ɠɔȨơ'![
ǷÄ@EľͤAEȘ̌D%"?ɠɔȨơ'![ŁĜFķŇǯȏɔA1?Įĕ/\[ÿ
Ĝ'ȵŭ3[-A&YɠɔĔƞA͗ɠɔ(ąř)Ĕƞ' NO2−Eȭ́D%"?ʑĜ1?
"[Ě˂ơ_ɿ191&1-\YEæ˗ɺʊ@FƳòȣ'ʩ¦ɭ@FC*/Y
DƳòǤ́' 1Ǥ́ͪ Smith and Chalk 1980 &ͫYͰǞ(Fitzhugh et al. 2003a, 2003b)
A"#̾Ǥ́D^9<?"[9TƳò¯EǯȏɔAEĔƞV NO2−EǆŎ'ɋ˥@(
C"Ě˂ơ'![Q9ķŇǯȏɔME 15NEĖZ̑REˣʇUZD%"?éʍʡ
&YɋȏƦʍʡEĜ˪_Ŷ1Ƈ"?"[9TDǯȏɔMĖZ̑Q\9ʍʡ'ķŇDʧ
Ĝ1?ŗĹ3[E&ȽŗǯȏƦʍʡ(DON)A1?ŗĹ3[&EĆøFC/\?"C"
DONFɕDʍʡE˿ˏ'ŭC"ȃǻD%"?FɠƦʜ&Yȩò3[°ˢCʍʡƌƦ
AC[-A'ɿ/\?"[(Perakis and Hedin 2002)/YDÊóŔE DONFƚɠ
ɔ:,@C*ȄɔUɱǀʍʡȻA1?ùɢ@([-A'ɿ/\?"[9T(Chapin et 
al. 1993, Lipson et al. 2001)ɠɔDA<?ĳɲDġɵ/\9ʍʡXZUùɢ1V3"
ʍʡ@![Aʼ$Y\[19'<?NO2−' DON MAŉǃ/\[E&ķŇEĳ
 14 
ɲDġɵ/\[E&FɠƦʜD%,[ʍʡE×ƸAǏò_ǡY&D3[#$@͗ŻD
̳ˢ@![-\D="?Dail et al. (2001) F 15NO2−Ȳā_˗<9E;D 15óA
24Ǥ́Eľͤ_˗"Ȳā19 15NE 4−5ÿ' 0.5M K2SO4@FƳò/\C"ķŇǯ
ȏɔMAŉǃ/\[-A_ɿ19Q9-EĔƞFȲā 15óEǤɉ@ś´1?%Z
24 Ǥ́D%"?UǯȏɔMAĳŝ/\9 15N ̵'OA`Bŉą1C"-AȾːͪg
¥k ¥A γʰȾː _ͫ˗<?UǯȏɔMEŉǃ'ɠ2[-A&Y-EĔƞ'͗
ɠɔɭCĔƞ@![-A'Ɗ*ǍƸ/\9¦Ǜ@Isobe et al. (2012) F 15NO2−Ȳā
ɱƔ&Y 6 ǞƔD&,?Ȳā19 15N E 6.6−17.8ͩ' DON A1?Įĕ/\[-A
_ɿ19 
 -\YEæ˗ɺʊ&YNO2−'ɠɔɭD:,@C*itƦʍʡVǯȏƦMɱǀŉ
ǃ/\#[-A7EĔƞ' NO2−Eȭ́ʦ̉D%"?̵ɭD̳ˢDCZ#[-A'ɿ
/\?"[/YDNO2−&Yɠƪ/\9ǯȏƦʍʡFķŇ¯@Ș̌ɭŚŝDŗĹ1
̾ǲ́ȕŗ3[Ě˂ơ'ɿ/\?"[ (Bremmer 1957, Smith and Chalk 1979, 
Fitzhugh et al. 2003b)1&1¦ˉɭD NO2−Fɞń¯D˓ʇ1C"9TąřɭC
itƦʍʡɠƪĔƞF NOV N2OEɠƪ¡vt_ʼ$[͎DFOA`Bɋ˥/\?
(9 (Tiedje 1988Chapin et al. 2002)Q9¦ˉɭDķŇ¯EʍʡƙɞD%"?
ǯȏƦʍʡA NO2−EĔƞD="?Uʼƨ/\?"C"19'<?NO2−&Y NO3−
_¾/4DɱǀitƦVǯȏɔƦʍʡMAŉǃ/\[Ĕƞ'ɠƦʜE¯@BEX#D
̳ˢ@![&FOA`B˽˺'C/\?"C"ā$?̓žEɺʊDXZNO2−A
ķŇǯȏɔAEĔƞFNOͲ−EķŇɠƦʜME×ƸA"#˦ɉ&YU̳ˢ@![-A
'ǡY&DC<?(?"[Dail et al. (2001) F15NOͲ−_ķŇDȲā19͎DF
͠˒CÿĜE 15N ' DON MAŉǃ/\[-A_ɿ17EhuA1? NO3−E
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Ƚŗ̸DX[ NO2−ME̪å(̱ą/\9̸F7EƔ̪åËEǯȏɈʡE̱ąAh|
£l1?ïɠ/\[)ANO2−EǯȏɔAEĔƞ'ǂĩ/\?"[(Davidson et al. 
2003)-EĔƞE̳ˢơD͂1?FDON ȸŝEǛȣ˺D͂3[˽˺ͪȽŗ̸'
¡¥c£sekr£ȣDX[ NO3−ŝ̵Dƍ͙3[-ADX[ NO3−ɆƃE̢Ŭ˯Ó
' DO15NE̢Ō˯ÓDC[A3[ƹǈ(Colman et al. 2007)ͫA7\DŦ3[Ĕ˺
(Torres-Canabate et al. 2008, Davidson et al. 2008)ͫ'![UEEˠǓEɺʊD%
"? NOͲ−' DON Dŉǃ/\[-AFɿ/\?"[(Torres-Canabate et al. 2008, 
Corre et al. 2007 , Dail et al. 2001)¦Ǜ@ɞń¯@ˣY\[X#CÊɆƃE
NO2−(0−20mg N L-1)A DOCɆƃ(15−60 mg C L-1)@F DOC/DONȘ' 13.4−25.4E
 £sD%"?DOCA NO2−EĔƞFɠ2C"-A&YNO2−Q9F NO3−Aǯȏɔ
AEĔƞFɞń¯D%"?̳ˢ@FC"A"#°ƉUŗĹ1(Schmidt and Matzner 
2009)ɞń¯D%,[ NO2−V NO3−AǯȏɔAEĔƞE̳ˢơFǡY&DC<?"C
"Â¨E-A&YķŇD%,[ʍʡEʬƸAǏòD="?ʛɾCɝ˧_Ɩ[9TD
FķŇ¯D%,[ NO2−&YEitƦʍʡɠƪVǯȏƦʍʡɠƪE̳ˢơ_ǡY&D
17EúƗD="?˽˺3[Ɲˢ'![ 
  
1.7 NO2−ŉǃ̜ƃEǁŝA NO2−EúƗįŔE˧ǡ 
 Ȳā 15N_ ¥t3[-A@ŉǃƑ̉D="?ǁŝ3[O&D15N@/\
9ɋȏƦʍʡ_ķŇDȲā¤ľͤ3[-A@NO2−Eɠƪ¤ȭ̜́ƃ_ʖò3[ɺʊ
U-\Q@D˗^\?(9-#19ķŇ¯E NO2−ăƦɺʊF-\Q@°D̏ʾĺ
ķŇ&YE NO, N2Oɠƪ¡vtEŝ̵Ahu˧ǺEɰɭ@˗^\?(9'
NO2−ȭ́ʦ̉E˧Ǻ(1.6)AȘ̌1?7EÐF͆Y\?"[Q9NO2−Eɠƪ̜ƃV
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ȭ̜́ƃ'ɞń¯@BEX#CǷÄDúƗ/\?"[&D="?Ş͎DǡY&D19
ÐF-\Q@ŗĹ1C"NO2−ɆƃD="?Eʋ́óŸA7EúƗD͂3[ɺʊF 1
ÐERŗĹ1Burns et al. (1995a) FʍʡE˿ˏ(100Q9F 500 kg N ha-1 yr-1)_
ė,?"[ɓˎĺǘ͘D%"?12 m × 132 mE¡|_˭ŝ14 ḿ͌@ȂŔ
ɖD 99 ɉ&YķŇ_ƿĖ3[-A@NO2−ɆƃEóŸNO2−ɆƃAķŇEɕơ(pH, 
K¤Mn¤Mg¤NH4+¤NO3−Ɇƃ, ĠȚə, ǘ͘Éʶ)AEɲ͂˧Ǻ_˗<97EʧǼ
ʍʡ˿ˏ'Ō(CķŇ@!<?UȈ1? NO2−FÊɆƃDABQ[-A_ǡY&D1
9íËɭDFNO2−ɆƃF 100 kg N ha-1 yr-1Eʍʡ˿ˏ'![¡|D%"?
ƿĖķŇE 90%Â¨@< 0.1 mg N kg-1 @!Z500 kg N ha-1 yr-1Eʍʡ˿ˏ'![
¡|D%"?UŌ̬ó'< 0.5 mg N kg-1 DóŸ1ǭͦ@Uʞ 3 mg N kg-1@!<
9Q9NO2−ɆƃFʋ́ŉă'Ō(*NO2−ɆƃEŉăAǯƤCɲ͂'RY\9ķ
ŇɕơF°D NO3−ɆƃA pH@!<9'NO2−ɆƃE˷ǡŉǓ_t~|¢cuȣD
X[̳ĮźóǺDX<?̧Ʋ19Fǭͦ@UȟŝÕǓ' R2=0.28DABQZ
NO2−ŉăE^4&C̬ó1&˷ǡ@(C&<9-Eɺʊ@ɿ/\9X#DȈ1?
NO2−F NO3−DȘN?F[&DÊ"Ɇƃ@1&ķŇ¯DŗĹ1C"'-EɆƃEŗĹ
ȘFɞń¯@E̳ˢơAƝ41U¦ˇ1C"9A$G VentereaF NO2−'żƀ" O2
ɆƃD%"?šǢDN2OMAŉǃ/\-Eŉǃ̜ƃFʔ̵ENO3−AȘ̌1?<0.1% 
O2@FͲÛO2≧5%@F 100ÛḌ3[-A_ɿ19(Venterea 2007) 
  
1.8 ǵɺʊEǝŗɺʊDŦ3[Éʶ>,Aɰɭ 
 1.7Dˬ19X#DBurnsYEɺʊD%"?FNO2−ɆƃEŉą_˷ǡ3[ǯĀC
˷ǡŉǓ(ɞńˢį)_ˣ":3-A'@(C&<9(Burns et al. 1995a)-E-AE¦
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įFNO2−'ɆƃA1?F^4&D1&ŗĹ1C"9TɞńˢįEŉă' NO2−ăƦ
D«$[ƍ͙_ɆƃEŉą&YFȅò@(C&<9Ě˂ơ'ʼ$Y\[/YDĝ
žDòɒ/\9øEɺʊ@FNO2−EĮĕĂə_ͦT[DF̛ŻEķŇƳòȣAFɩ
CZahǷÄ@EƳò_˗#Ɲˢơ'![-A'ŀģ/\?"['BurnsYE
ɺʊ@F-EƬȣFɢ"Y\?"C"(Stevens and Laughlin 1995, Burns et al. 
1995a)7E9TNO2−ɆƃEȸŝÞ7EUE'ʛɾ@FC"Ě˂ơUƹǈ@([
Q9NO2−EŗĹ̵F NO2−EɠƪAȭ́EʧǼ@1&C"'ɠƪ̜ƃAȭ̜́ƃE
7\8\_úƗ3[ɞńˢįFɩC[Aʼ$Y\[9TDNO2−ɆƃAķŇEơ̂E
́DǯĀC͂Õơ'ˣ":5C&<9AUʼ$Y\[-\Q@EɺʊD%"? NO2−
Eɠƪ¤ȭ̜́ƃ_ŀģ19ÐF NH4+V NOͲ−Eɠƪ¤ȭ̜́ƃEʖòDɢ"[EA
ĝȊE˪ʖDX<?ȜT9Ð' 2Ð(Burns et al. 1995b, Isobe et al. 2012)Q9
˪ʖDX<?ȜT9Ð' 3Ð(Rutting and Muller 2008, Stange et al. 2013, Muller 
et al. 2014)ŗĹ3[ER@![-\YEŀģDX[ANO2−Eɠƪ¤ȭ̜́ƃF NH4+
V NO3−ɠƪ¤ȭ̜́ƃAȘ̌Ě˂&!["F7\XZUŌ(*NO2−Eŉǃ̜ƃA
ķŇEơ̂AE͂Õ_ȅˮ3[-A@úƗˢįD="?XZ̺ǐ&=ʛɾDưǄ@(
[Aʼ$Y\[ 
 A-]@-\Q@̕N?(9X#DNO2−EăƦD͂^[ɺʊF̏ĺķŇÂŊE
ķŇD%"?FOA`B˗^\?"C"ȃǻɠƦʜFǞǵEĴķEŋ*_ČT[°ˢ
CɠƦʜ@!ZȃǻEɠɡơDA<?ɼąFj¥¡vt@![(1.3)NO2−Fɼą
E¯́ɠƪɔ@!['NO2−FŋȊCʦ̉@ȭ́/\#[ɔ̂@!Z(1.5)ƕǸʼ$
Y\?(9ɼą3C^; NH4+&Y NO3−ME̱ą̢ʅD%"?-\Q@ʼƨ1?
-C&<9ʍʡEʬƸVǏò'ɠ2?"[Ě˂ơ'ƹǈ@([/YDNO2−EăƦ
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_ǡY&D3[-AFʍʡƙɞ_ƴ#ƚɠɔEƢŀAEŦƞD="?XZʛɾC˽˺
_Ě˂D3[Aʼ$Y\[(1.4)Q9̏ĺCBE¿EķŇɠƦʜ_ĠT?UNO2−
EăƦ%XJ7EúƗˢįD͂3[ɷˣF̳ˢơDȘ1?͆ŝɭ@!Z(1.6, 1.7)A*
D NO2−ɠƪ¤ȭ́E¡vt˧ǺDABQY4ķŇɠƦʜ¯@EƺăEŞƦVúƗ
_ǡY&D19ÐFOA`BŗĹ1C"-EX#CɛɖD%"?ķŇ¯D%,[
NO2−ăƦ'BEX#CɞńˢįA͂Õ'![E&_ǡY&D3[-AFķŇEʍʡ
ƙɞD͂3[ɝ˧_ȂȖDȰT[F4@![ 
 7-@ǵɺʊ@FȃǻķŇD="?Â©E 3ɉ_ɰɭA19ɺʊ_%-C<9 
 
(1) NO2−ɠƪ¤ȭ̜́ƃ'/Q0QCơ̂EȃǻķŇ@BEX#CÞ_ɿ3E&_ǡY
&D3[ 
(2) NO2−F/Q0QCơ̂EȃǻķŇ@BEX#Cʦ̉DX<?ȭ́/\[E&_ǡ
Y&D3[ 
(3) NO2−ɠƪ¤ȭ̜́ƃ'BEX#CɞńˢįAɲ͂_ǯ3[&3C^;ȃǻķŇ
¯@BEX#Cˢį' NO2−ăƦ_úƗ1#[E&_ǡY&D3[ 
 
Q9¨ˬEɰɭ_̣ƪ3[9TDNO2−Ɇƃ¤ĝÉËȘȸŝ_/Q0QCķŇD%
"?˗#ǷÄEȅ˫_˗<9 
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ʓ 2ʏ ¹ɼ̱EƳòǷÄEȅ˫ 
 
2.1 ʯ˩ 
 ķŇ¯E¹ɼ̱(NO2)EăƦ_ǡY&D3[9TDF NO2_ķŇ&Y̦ƋCƬȣ@
ĮĕͪƳòͫ3[Ɲˢ'![1&1 NO2FąřɭDªŚŝCɔ̂@![9TƳò
¯EķŇƩɅȮE pHƳòǤ́ķŇAƳòȽȮEȘəCBŋȊCǷÄ' NO2E
ĮĕəDƍ͙_«$[-A'ƹǈ/\?(9Q9NO2AaqcEĔƞ_ùɢ1
9 NO2EɆƃ¤ĝÉËȘȸŝE͎DFƳòȽȮE pH 'ĔƞE̠˗Dƍ͙_«$[-
AUƹǈ/\?"[7-@ǵɺʊ@FQ4ŋȊCɝąřơ_U=ŋǓEķŇ_ɢ"
9˧ǺDU̦ɢ@([X#DķŇ&YE NO2ƳòȣEȅ˫CYJD NO2EɆƃ¤ĝ
ÉËȘȸŝȣEȅ˫_˗<9 
 --@FQ4-\Q@ɢ"Y\?(9ķŇ¯&YEɋȏƦʍʡ(NH4+, NO3, NO2)
EĮĕȣD="?̕Nȑ"@ŋȊCķŇ&Y NO2EĮĕ_˗##$@EĪ͞ɉD=
"?̕N[ 
 
2.1.1ķŇ&YE NO2_ĠSɋȏƦʍʡEĮĕȣ  
 1ʏD?̕N9X#DȃǻķŇD%,[ɋȏƦʍʡ¥FŬ/*7Eŉǃ̜ƃ
FŌ("9TDķŇ¯EɋȏƦʍʡEŉǃ̜ƃEʖòF-\Q@ 15N_ɢ"?˗^\
?(9íËɭDFķŇ¯D 15NH4+, 15NO3, 15NO2_Ȳā1ɸǤ́!9ZEɆƃ
AĝÉËȘ(15N/(14N+15N))ŉą&YɋȏƦʍʡEɠƪAȭ́E̜ƃ_ʖò3[-A'
Ě˂@![(Davidson et al. 1992, Burns et al. 1995˲ ʣF 3.1Dˬ̕)=QZNO2
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Eɠƪ¤ȭ̜́ƃ_ʖò3[9TDFķŇ¯&Y NO2_Įĕ1ɆƃAĝÉËȘEȸ
ŝ_˗#-A'Ɲˢ@![ 
 ¦ˉɭDķŇ&YɋȏƦʍʡ_Įĕ1?ŗĹ̵_ȸŝ3[9TDFŃȽȮDX[
ķŇEƳò'ɢ"Y\?(9Bremnera and Keeney (1966) F pHVǯȏɔĠ̵Eɩ
C[ 8ʆ͡EķŇ_ɢ"?NH4+, NO3, NO2EƳòȣͪƳòǤ́¤ƳòȽŒEɆƃ¤
ķŇAƳòȽŒEȘə Dͫ="?ȅ˫_˗<9ƳòǤ́D="? NO2V NO3FȚV
Ź̲19 KClȽȮ_ȽŒA1?ɸǤ́ͪ 510ó @ͫƳòĚ˂@!<91&1NH4+
F³ķͷƳòȽŒEȘə_ 1:10A1ƳòDɢ"[ KClȽȮEɆƃ_ 2MƳòͪƻ
A#ͫǤ́_ 60óA19A(DķŇƳòȽȮ¯EɆƃ'ǭŌAC[-A_ŀģ19
/YD³ķͷ2M KCl EȘə' 1:10ƻA#Ǥ́' 1Ǥ́EǷÄ@KClEȲāɱ
ƔDǝɷɆƃENH4+, NO3, NO2_ȱĜ19ty£z¥ȽȮ_Ȳā19ŁĜFNH4+, 
NO3, NO2E3N?D="?99%EȲā N'Įĕ/\9Q9 ty£z¥ȽȮ
_ķŇDȲā19ɱƔD KCl_Ȳā19ŁĜDF NH4+, NO3, NO2E7\8\D="
?79.897.4%, 99.4100.6%, 93.099.1ͩEȲāN'Įĕ/\9-\YE-A&Y
7EƔķŇ¯EƳòĚ˂CͪexchangeableͫɋȏƦʍʡEȸŝ_˗#͎DF³ķͷ2M 
KCl' 1:10EȘə@ 1Ǥ́ƻA#_˗"7EƔD]̢_1?ƳòȮ_Ɩ[A"#Ƭ
ȣ'¦ˉɭCķŇ˹ǾȣA1?ƿɢ/\?(9(Sperks 1996) 
 
2.1.2 ahơǷÄ@E NO2ĮĕȣA7EĪ͞ɉ 
 Bremner and Keeney (1966) EɺʊEE;Stevens and Laughlin (1995) FķŇ
D 15N NO2_Ȳā17EĮĕə_ʖò3[-A@Ƴòñɝ¯E NO2ŚŝơD
="?ȅˮ19-Eɺʊ@FǯȏɔĠ̵V pH'ɩC[ͪȚƳò pHͷ5.36.6, ǯ
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ȏƦɈʡ̵ͷ33-204 g kg-1, éʍʡ̵ͷ2.3-9.9 g kg-1ͫ6ĺɉEˎĺķŇD="?(A)
ķŇAƳòȽŒEȘəͪȹķͷƳòȽŒͺ1:10ͮȹķͷƳòȽŒͺ1:1ͫA(B)ƳòǤ́
ͪ10ó́ͮ70ó́ͫD="?˰ͥ19(A)E˰ͥF¦ˉD NO2Fɞń¯DÊɆƃ
@1&ŗĹ1C"(Burns et al. 1995 a)9TDķŇAƳòȽŒEȘə_Ê©/5NO2
EɆʳ_˗#9TEȅ˫@![(B)EƳòǤ́D="?--@FƻA#&Y]̢Q
@Dˢ3[Ǥ́_ƹ310 ó́EƳòF 15NO2EȲāɱƔD KCl _Ȳā130 ʁ́
Ƭ@Ʉ1*ƻA#19E;̥Ɯ¤]̢_˗"70ó́EƳòF 60ó́ƻA#ȏ@ƻA
#EE;̥Ɯ¤]̢_˗#-A@˰ͥ'C/\97EʧǼȹķͷƳòȽŒͺ1:10
EŁĜ15NO2EĮĕəF 10 ó́EƳò@F 90.199.5%@!Z70 ó́EƳò@F
77.293.8%@!<9ȹķͷƳòȽŒ ͺ 1:1EŁĜDFNO2EĮĕəFȹķͷƳò
ȽŒ ͺ 1:10EŁĜAȘ̌1?Ê©110ó́EƳò@ 74.093.8%, 70ó́EƳò@
0.752.1%@!<9ȹķͷƳòȽŒ ͺ 1:1EǷÄ@F 15NO2EǆŎAAUD 15NO3
'ŋ̵Dȅò/\NO2E NO3ME̱ą'Ƴò¯Dɠ2[-A'ɿ/\91&1
NO2+NO3A1?E 15N EĮĕəF10 ó́EƳò@ 85.099.4%, 70 ó́EƳò@
53.487.3%@!ZNO3ÂŊMEŉǃUɠ29-A'ɿĨ/\9/YD˒ʽYF
Ƴò¯EķŇƩɅȮE pH_˹ǔ3[-A@ 15NO2EǆŎ_Ê©/5Įĕə_ͦT[
-A'Ě˂@![-A_ɿ19Ş͎DpH VǯȏɔĠ̵EǷÄ'ɩC[ 20 Eˎĺ
ķŇD="?ȹķͷƳòȽŒ ͺ 1:1, pH8, 10ó́EƳò@Ȳā 15NO2EĮĕə_Ȝ
T9A-]ĮĕəF 89.0103.3%@!<9˒ʽYFǭʤɭD95ͩÂ¨E NO2Į
ĕə_Ɩ[9TDFƳò¯EķŇƩɅȮ_ pH8D˹ǔ1ƳòÍȆDˢ3[Ǥ́_ 40
óÂîD1ķŇƩɅȮ_ŕƑ 0.7 µmby¥@]̢19E;ͳ@×ŗ19Ƴ
òȮ_ 2ǞÂîDȸŝ3[Ɲˢ'![Aʧ˺>,9(Stevens and Laughlin 1995)  
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 -EɺʊÂͅ̓žE NO2ăƦ˧Ǻɺʊ@FķŇAƳòȽŒEȘə_̛ŻXZUÊ
©/5Ƴò¯E pH ǷÄ_ 8 ʅƃD˹ǔ1? NO2EƳò'˗^\?(9(Laughlin 
and Stevens 2002, Muller et al. 2006, Isobe et al. 2012, Muller et al. 2014)9:1
-EA(EķŇAƳòȽŒEȘəFƝ41U Stevens and Laughlin (1995) Dˬ̕/
\?"[ 1:1 EȘə@FC*ƳòDɢ"[ KCl EɆƃ' 3M @![ŁĜU![Q
9¦̬Eɺʊ@FahơD˹ǔ_˗^C" 1M KCl@ȹķͷKCl ͺ 1:5A1?
Ƴò'˗^\?"[(Stange et al. 2007, Russow et al. 2009)-EX#DNO2EƳ
òDɢ"Y\?(9ƬȣFʩ¦ɭ@FC" 
 /YDStevens and Laughlin (1995) @ɢ"Y\9Ƭȣ_ŋǓEķŇD%,[ NO2
ăƦEȘ̌D̦ɢ3[DFÂ©Dɿ3(1)(3)EĪ͞ɉ'ŗĹ3[ 
(1) ̛Ż NH4+V NO3EȸŝE9TEƳòȽȮFpH_˹ǔ1C" 2M KClȽȮ@ 1
Ǥ́ƻA#1?ƖY\[9TD¿EɺʊDX<?$Y\9 NH4+V NO3E¥yV
ăƦɺʊAEȘ̌'İ͒@![Q9ȽŗǯȏƦɈʡ¤ʍʡCBE¿EąřƪóD͂
1?UȘ̌'İ͒@![ 
(2) ahǷÄD%"?(NH3+H+↔ NH4+; pKa=9.25) EŽ˚DĿ>"?NH4+F
NH3A1?ǅɫ3[9TahǷÄEƳò@Fĝ¦EƳòȽȮ&Y NH4+EʛɾC
ȸŝÞ_Ɩ[-A'@(C"7E9TNH4+EĝÉËȘVɆƃEȸŝ_˗#ŁĜ
¦ˉɭCahơD˹ǔ1C"ƳòȣDX<?UƳò_˗#Ɲˢ'![ 
(3) ŋǓEp£D%"?ƳòǤE pHǷÄ_¦ƓD˭ŝ3[-AF͗ŻDİ͒@!
[C6CYG![ pHE KCl_Ȳā19A(ķŇ7EUEE pHV pHʱ˙˂F
7\8\ɩC[9TķŇAEɲ¸ÍɢEʧǼ̣ƪ/\[Ƴò¯E pHǷÄFķŇEʆ
͡Vơ̂DX<?Ō(*ŉă3[9T@![ 
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 -EX#DpH˹ǔVƳòǤ́Eú͆DÇ#ÍȆEɏ͐/E9TNO2EăƦD͂
3[ɺʊÐF͗ŻD͆Y\?%Z/YD¨ˬ(1)(3)Dɿ19Ī͞E9TDŋ*E
ķŇ@Ș̌_˗#ƝˢE![ NO2EɠƦřɭCɺʊF-\Q@Q<9*˗^\?"
C" 
 
2.1.3 ķŇƳòȽȮE NO2_ĠSɋȏƦʍʡɆƃ¤ĝÉËȘȸŝȣ 
 -\Q@ķŇ¯E NH4+V NO3EăƦEɺʊFǓŋ*˗^\?(9'NO2Eă
Ʀ˧ǺF°Dac£Ac}Eͱ=E{¥D͆ŝ1?˗^\?(9-\YE
NO2ăƦɺʊD%"?ƳòȮ¯E NO2ɆƃF¡¥c£sekr£ȣͪBurns et 
al. 1995a, Burns et al. 1995b, Smith et al. 1997ͫVȘˋȣͪStevens and Laughlin 
1995, Venterea 2004, Clough et al. 2001, Laughlin and Stevens 2002, Venterea and 
Rolstone 2000, Muller et al. 2006, Muller et al. 2012ͫDX<?˗^\?(9Q9
NO2EĝÉËȘEȸŝF HNO2 A NH2OH EĔƞDXZ NO2_ N2O MEŉǃ1
ͪStevens and Laughlin 1994 ͫN2O _ĝÉËȘ̵̂óǺ˪ͪIsotope Ratio Mass 
Spectrometry ; IRMSͫ@ȸŝ3[-ADX<?˗^\?(9(Burns et al. 1995b, 
Stevens and Laughlin 1995, Burns et al. 1996, Smith et al. 1997, Clough et al. 2001, 
Laughlin and Stevens 2002, Muller et al. 2006, Muller et al. 2012)ĝÉËȘȸŝD
IRMS_ɢ"[Ǜȣ@FͰǞD 100p£ʅƃEp£Eüñɝ'Ě˂@!Zg
¥p£¥_ɢ"9ŁĜ24Ǥ́@ 100p£ʅƃEóǺUĚ˂@![1&
1IRMSFÊɆƃE 15N_ʛƃˊ*óǺ3[9TD˭˪/\?"[9TDͦ ɆƃE
15NEȸŝDF̦1?"C"ķŇ¯EɋȏƦʍʡŉǃ̜ƃEʖòFȲā19 15N'ķ
Ň¯Dćóȕŗ1?"[ǲ́Dȸŝ_˗#Ɲˢ'![7E9T 15NFľͤǲ́¯Dȕ
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ŗ3[ćó̵_Ȳā3[Ɲˢ'![1&1ķŇ¯EɋȏƦʍʡɆƃF¦ˉDÊ*
ɕD NO2ɆƃF(^T?Ê @![-A&YȲāDX[&*²_ǭŬ͆DAB
T[9TDFȲā3[ɋȏƦʍʡEĝÉËȘ_ȇĀɆ*1Ȳā̵_ŭC*3[-A
'ǱQ1"ͦ ɆƃE 15N_Ȳā1?ľͤ3[ŁĜDF˰ ǗȽȮ¯E 15NFɞń˰Ǘ
AȘ̌1?~ 300ÛʅƃEͦɆƃDC[(15NEŚŝĝÉËˆɌŗĹȘF 0.366 atom%
@!ZͦɆƃE 15N˰˕F 100 atom%̓"UE_ɢ"[)7E9TIRMS@Eȸ
ŝ@F 15N'ͣħ1?ȸŝ'˗$C"ŁĜ'![Q9IRMSȣ@FɆƃEŝ̵'İ
͒@![9TɆƃ_øEƬȣ@ȜT[Ɲˢ'![¨̕19X#DɆƃEȸŝF¦
ˉDȘˋȣDX<?˗^\['ķŇ_ahƳò19ŁĜF˄Ȅ'Ƴò/\[-A
DXZƊƃEɵˋ'RY\[-A'!ZȘˋȣ@EɆƃȸŝ'İ͒CŁĜ'![/
YDIRMSFͦÓCóǺȏĬ@!ZšǢDʬƸʗɝ@([óǺȏĬ@FC"Q9
ɸǤ́DŋǓEp£_ñɝ3[9TDFóǺEˆăą'ƝˢAC['-\DFŋ
͟Éɢ_ˢ3[ 
 c}Eɺʊ{¥F̓žNH4+, NO3, NO2EɆƃAĝÉËȘóǺ_ɕȔCitŉ
ǃ|_ǀʫ19ĭ̳ȇļttk¡¥y¥ (Quadrupole Mass 
Spectrometer ; QMS)DX<?˗#Ƭȣ_̀ɫ1(SPINMASȣͷStange . 2007)-\
_ɢ"? NO2EăƦ˧Ǻ_˗<9(Russow et al. 2009, Stange et al. 2013)-EƬȣ
@Füñɝ_˗#|D%"?NH4+F NaOH ȽȮ¯@ NaOBr _ɢ"? N2
MA̱ąNO3,F HClȽȮ¯@ V(	)Cl3_ɢ"? NOM̪åNO2F H3PO4ȽȮ¯
@ KIDXZ NOMA̪å1-\YEɋȏƦʍʡʆ_g£c£@ˆăóǺ3[-A
'Ě˂@![-EƬȣ@Fƚ̵E NO2EɆƃ¤ĝÉËȘȸŝ'Ě˂@!Z(ƝˢC
ʍʡ̵ͷ0.03g-N)Ƭă@Eüñɝ_ƝˢA541ǞD 100p£ʅƃEȸŝ'
 25 
Ě˂@![1&1ȸŝ@FitƦMEŉǃ_˗#ɕȔC|_ˆÍ1? QMS
EüDǀʫ1?%ZitƦMEŉǃĔƞF7\8\ȷƃE˹ǔ'Ɲˢ@![-A
(NH4+:60, , NO3:85, NO2: 50)ɫɠ19it_ó͑54ɱǀ QMSMAūè3
[9T¶üD H2OA CO2_kcg|@͇Đ3[Ɲˢ'![CBƯ˘ɭDİ
͒Cɉ'ŋ*ŗĹ3[Ş͎ɛĹQ@D-EƬȣFɫ˛_˗<9c}EÂŊ@
Fɢ"Y\?%Y4ȝɢơD±1" 
 ^\^\Eɺʊş@F-\Q@D-\YǝŗEɋȏƦʍʡɆƃ¤ĝÉËȘȸŝȣE
"*=&EĪ͞ɉD="?˧ȟ'Ě˂CƬȣ'̀ɫ/\?"[-EǛȣ@FNH4+, 
NO3, NO2E7\8\D="?ɠɔɭ¤ąřɭD N2OMAŉǃ3[üñɝ_˗"
-\_ GCQMS@óǺ3[-ADX<? NH4+, NO3, NO2Ɇƃ¤ĝÉËȘEȸŝ_˗
#(Isobe et al. 2011)9A$G NO2EɆƃ¤ĝÉËȘȸŝ_˗#ŁĜF¶üD NO2
_ąřɭD N2OMAŉǃ3[üñɝ'Ɲˢ@!['ɕȔCȏĬEǎŉ_Ç^4i
tEȸŝDF|t¥tȣ_ɢ"[9TȸŝǋÍFc}E{¥AȘ̌1?Ȃ
ȖDr£@![Q91 ǞD 100 p£Â¨Eȸŝ_˗#-A'Ě˂@!Z
ɆƃAĝÉËȘEzc|k £s'ƀ"(~1000M, 0.3799.3%, Isobe et al. 
2011)9TIRMS ȣ@FªĚ˂CÊɆƃ&YͦɆƃQ@EŋȊCp£D="?Ɇ
ƃA 15NȘEĝǤȸŝ_˗#-A'Ě˂@![ 
 -EX#DNO2_ĠSɋȏƦʍʡEɆƃ¤ĝÉËȘEȸŝ_ƕǸȣAȘ̌1?
UʚÔ¤̜̒D˗#-A'Ě˂Cɞń'3@Dɾʎ/\?"[1&12.1.2 D?̕
N9X#D̓ž°D NO2EƳòDɢ"Y\?(9Ƭȣ@FŋǓEơ̂'ɩC[p
£&Y NO2_ĠSɋȏƦʍʡ_ĝǤDĮĕ3[-A'İ͒@![Q97E
İ͒/F(1)ķŇAƳòȽŒEȘə_̛ŻEƳòȣXZU͠˒DÊ©/5?"[-A
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Q9F(2)ķŇ&YENO2EĮĕDahơD˹ǔ19ƳòȽŒ_ɢ"?"[-A
D̄į3[ 
 7-@ǵɺʊD%"?FQ4(1’)ķŇAƳòȽŒEȘə' 1:10EǷÄ@Ƴò_˗
"7EŁĜD(2’)ƳòǤE pHǷÄDŦ1? NO2Ɇƃ¤ĝÉËȘȸŝÞ'BEX#D
ƍ͙_ė,[&_˰ͥ197E9TDF/Q0QC pHE KCl@Ƴò19 NO2Ɇ
ƃ¤ĝÉËȘ_ʛɾDȸŝ3[-A'ƝˢDC[1&12.1.4 D?˲1*̕N[X
#Dǵɺʊ@ɢ"[ NO2_ N2OMAŉǃ3[ąřĔƞͪÂ©aqcȣͫFa
hƳò_˗<9ķŇƳòȽȮEȸŝD̦ɢ@(C"Ě˂ơ'!<97-@aqc
ȣE̦ɢD="?ȅ˫19#$@-EƬȣ_ɢ"?(2’)Eȅ˫_˗<9 
 
2.1.4 ǵɺʊ@ɢ"[ NO2Ɇƃŝ̵ȣ(aqcȣ)EȈˢ 
 aqcȣFNO2_ąřɭDN2OMA̪å1-EN2O_óǺ3[-ADX<?
NO2Eʍʡ¤̱ʡŚŝĝÉËˆɌŗĹȘ_ȜT[ƬȣA1?̀ɫ/\9ͪMcllvin and 
Altabet 2005 ͫ-EƬȣ_ GCMS@E N2OȸŝAʥRĜ^5[-A@ ¥p¥
 EɆ" 15N Ș_U<9 NO2D="?Eȸŝ'Ě˂@![-A'ɿ/\?"
[(Isobe et al. 2011) 
 
-EƬȣD%"? NO2E N2O ME̪åF HNO2AasąȚʡE̱ą̪åDX<?ɠ
2[ (eq. 2.1) 
HNO2 + HN3  N2O + H2O + N2   ----  (eq. 2.1) 
 
NO2AasąȚʡEĔƞFÂ©EX#D̠SAʼ$Y\?%Z¯ƜɭCƎÿ_C3
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EF HNO2&Yɠƪ3[ H2NO2+@![ͪeq. 2.4, 2.5ͫ 
NO2 + H+  HNO2  ----  (eq. 2.2) 
HNO2 + H2O H2NO2+ + OH  ----  (eq. 2.3) 
H2NO2+ + N3  N3NO + H2O  N2O + N2   ----  (eq. 2.4) 
H2NO2+ + HN3  N3NO + H2O + H+  N2O + N2   ----  (eq. 2.5) 
 
ClEŗĹ©@FÂ©EhuDĿ>*˨ŒÍɢDXZ-EŉǃFÖ̠/\[A
ʼ$Y\?"[ 
H2NO2+ + Cl  NOCl + H2O   ----  (eq. 2.6)  
NOCl + N3  N3NO + Cl  N2O + N2    ----  (eq. 2.7) 
 
19'<?-EĔƞ̜ƃFpHHNO2ɆƃClɆƃDÒŗ1?"[(eq 2.22.7)
aqcȣFUAUAȯȚQ9FȫȚ¯ENO3%XJNO2EŚŝĝÉËˆɌŗĹȘ˧
ǺEƬȣA1?qc£/\99Tp£EȮơFOP¯ơ@![-A_üǂA1
?"[ǵɺʊ@Fp£'Ɗahơ@![ŁĜ'![9TĔƞǤEpH'Ê
©3[-A@NO2EN2OMEŉǃ_ªśéDC[Ě˂ơ'![Q9ÃD˰ǗȽȮ
Eͦ"pH'N2OMEŉǃ̢ʅDƍ͙_ĒP3ŁĜĔƞ˰˕¯E̯̱Q9FasąȚ
ʡɆƃ_¨Ǡ/5HNO2Ɇƃ_¨Ǡ/5[-ADX<?ǎī@([Ě˂ơ'ʼ$Y\
[ClɆƃD="?FƮ#˰Ǘ'2MA"#ͦɆƃEKCl ȽȮ@!ZgsE
ƬȣD%"?FClɆƃ'0.6Mʅƃ@![(Mcllvin and Altabet 2005)E@Ɠ̜ˢįD
FCYC"Aʼ$9 
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 Q9aqcȣFHNO2AHN3AEĔƞDĿ>*(eq. 2.1)'HNO2FąřɭCĔ
ƞơ'ͦ*ǯȏɔAEĔƞ(¡wą)DX<?ǯȏƦʍʡMAŉǃ/\#[-AV
7\AĝǤDitƦʍʡ(NO, N2O, N2)'ɠƪ3[-A'ƹǈ/\?"[(Thorn and 
Mikita 2001, Stevenson et al. 1970)ķŇƳòȽȮ¯DFŋȊCɋȏcg£ǯȏ
ƦɈʡ¤ʍʡ'ĠQ\ɕDahƳò_˗<9ķŇƳòȮ¯DFahĚȽƪó
@![˄Ȅ̱V̱CBEǯȏɔ'ŋ̵DĠQ\?"[Aʼ$Y\[19'<?
-\YEìŗɔ̂'aqcĔƞDƍ͙_ĒP3Ě˂ơ'ʼ$Y\9 
 7-@aqcȣD%"?˰ǗȽȮ pH' NO2E N2OMEŉǃD%XP3ƍ͙
_(1)˰ǗȽȮE pH(2)Ĕƞ˰˕̵(3)|ktĂǼE͘&Yȅˮ3[-A
_˗<9(1)D="?F pHǷÄEɩC[ NO2ȋȼȽȮEȸŝÞ&YƊahơE
˰ǗD%,[ N2OMEŉǃĂə_ȅˮ19(2)D="?FHN3ȽȮEǭʤɆƃ' ǝ
ŗEƬȣ(2.2.1(1))E 1~ͲÛDC[X#D HN3 ȽȮ_Ȳā1˰ ˕Ɇƃ' NO2E N2O
MEŉǃĂəD«$[ƍ͙_ȅ˫19(3)D="?FȋȼȽȮAķŇƳòȮD="
? 20%̯̱ȽȮȲāDŦ3[ pHEŉă_Ș̌1ĔƞǤE pHǷÄD̤"'ɠ2[&
B#&_ȅˮ19Q9ahƳò_˗<9ķŇƳòȮ¯Dƚ̵E 15NO2_Ȳā
1aqcȣDX[ NO2E N2O MEŉǃə'ƳòȮA KCl ȋȼȽȮ@ɩC[&
Q9-EŉǃĂə'ƳòȽȮE pHǷÄDƍ͙_ė,[&B#&_ȅˮ19 
7EE;Daqcȣ_ɢ"?ƳòǤE pH ǷÄDŦ1? NO2Ɇƃ¤ĝÉËȘȸŝ
Þ'BEX#Dƍ͙_ė,[&_˰ͥ19 
 
2.2 Ǜȣ 
2.2.1. aqcȣDX[ NO2E N2OMEŉǃ 
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 aqcȣFÂ©EƬ͛DĿ>"?˗<9(Mcllvin and Altabet 2005, Isobe et al. 
2011) ÍȆE̢ʅ@ɫɠ3[ HN3Fȗơ_ǯ3[E@Â©EÍȆF3N?
î@˗<9 
 
(1)HN3ȽȮEÍƪ 
 itcaD 2M NaN3ȽȮ_ƿĖ1{oȀAar¥@ţȀ19
ƔcaEșɲD¥_û19ɖƦ@ NaN3ȽȮAʔ̵E 20%(v/v)̯̱ȽȮ
_r£s@Ȳā19-EȽȮEȮɲD¥_ɢ"? He _ 30 óÂ¨̛ș1
ȽȮ¯DUAUAŗĹ3[ N2O_͇Đ19 
(2)p£¯E NO2A HN3EĔƞ 
 NO2EȋȼȽȮQ9Fp£ 5 mL_ 10 mLitcaDóȥ1{o
ȀAar¥@ţȀ19--D(1)@Í˟19 0.3 mLE HN3ȽȮ_ 1 mL r
£s@Ȳā1ʈV&DȱĜ19E;12 Ǥ́D͖ʶ1? NO2_ N2O D̪
å19 
(3)ĔƞEàȒ 
 Ĕƞ_àȒ/5ǯȗC HN3EǏò_̈́+9T6M NaOH_ 0.3 mLȲā19 
(4)N2OEȸŝ 
aqcȣDXZ N2OMAŉǃ1GCMS (GCMS-QP2010 ultra, SHIMADZU)DX
<?ɠƪ19 N2ODɣǸ3[rl(m/z 44, 45, 46)E͘ʇÞ_Ș̌19 
 
2.2.2 aqcŉǃĂəA˰ǗȽȮ pHE͂ÕEȅˮ 
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 pH12.8 D˹ǔ192M KCl ApH _˹ǔ1?"C"2M KCl (pH5.2)_ȽŒA1?
NO2Ɇƃ' 0, 1, 2, 5, 10, 20, 50 µM Ety£z¥_Íƪ19-\_ 2.2.1 EǛ
ȣD19'<?N2OMAŉǃ1?ŝ̵_˗<9 
 
2.2.3aqcŉǃĂəA˰˕ɆƃE͂ÕEȅˮ 
 2M KOH_ɢ"?pH_12.8, 12.6, 9.0D˹ǔ19KCl_ȽŒA1?NO2ɆƃȋȼȽ
Ȯ_Í˟19-\_ 2.2.1.1 EǛȣD19'<?aqcȣDXZN2OMAŉǃ1
9-E͎pH12.8D="?F HNO2 ȽȮEǭʤɆƃ' 2.2.1.1(1) Dˬ̍EǛȣ
E1 ÛͱÛpH12.6 A pH9.0 D="?FͰÛͱÛͲÛDC[X#DHN3 Ƚ
Ȯ_Ȳā120%̯̱%XJHNO2Ɇƃ'NO2EN2OMEŉǃĂəD«$[ƍ͙_ȅ˫
19 
 
2.2.4 aqcȣD%,[|ktĂǼEȅˮ 
2.2.4.1 pHŉąD%,[|ktĂǼ 
 ˰ǗDF»̭Ōřb¥ʀřǑˀɺʊv£y¥ˌɠɺʊǻ(Â©ˌɠɺʊǻ)D
?ƿĖ19˛ŰķŇ_U;"9ķŇFōɌƀˑȎǻEǘ͘EɩC[ 2ĺɉ&Yǯȏ
ɔŰA 0-10 cmķŇ_ƿĖ19-\YEȹķ 2.5g D 2M KOHȽȮ@ pH_ 12.78
D˹ǔ19 2M KCl 25mL_Ȳā1ƻA#Ĭ(TAITEC NR-10)D? 200 min-1@ 10
ó́ȬA#19E;3,000G@ 5ó̥́Ɯó͑(KUBOTAͨ4000)1¨ ɃR_čƄD
itʴʬ]ʠ(GF/F ; Whatman Int. Ltd., Maidstone, UK)@]̢_1?ƳòȮ_Ɩ
9ƳòȮFȸŝQ@ 4@×ŗ19C%ķŇƳòDɢ"[ KClAitʴʬ]ʠ
F£k_Ê©/5[9TD450@ͳǤ́āɐ19UE_ɢ"9--@Ɩ9
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ķŇƳòȮ2M KOHDX<? pH_ 9.512.8D˹ǔ19 2M KClȽȮHClDX<
? pH_ 2.463.93D˹ǔ19 2M KClȽȮD 20%(v/v) ̯̱_Ȳā1pHEŉą_
Ș̌19Ȳā3[ 20%(v/v) ̯̱ɆƃFȖ͊ɭD˭ŝ1ǭŌ@aqcĔƞͪ 2.2.1.1
Dˬ̍ͫ@ɢ"[EAĝ¦EɆƃQ@Ȳā_˗<9pH F pH ¥y¥(twin pH 
AS-212)@ȸŝ19 
 
2.2.4.2 NO2ŉǃĂəD%,[|ktĂǼ 
 ˰ǗDF 2.2.3.1 AĝȊDˌɠɺʊǻ@ƿĖ19ǯȏɔŰA 0-10 cm ķŇ_ɢ"9
ɠķ 3.5 g D 2M KOH @ pH_ 11.92, 12.45, 12.85D˹ǔ19 2M KCl 35mL_Ȳ
ā110ó́ƻA#(200 min-1)EƔ̥Ɯó͑(3,000 G, 7ó)1itʴʬɇʠ@]
̢_14@×ŗ19-EķŇƳòȽȮDȲā 15 NO2EǭʤɆƃ' 1, 2, 5, 10, 50 
µMDC[X#D Na15NO2ȽȮ_Ȳā19-\_ 2.2.1.1EƬ͛DĿ>(aqcȣ
@ñɝ1ɠƪ19 N2O_ GCMSDX<?óǺ19 
 Ƴò pH'ɛŁķŇ¯E(Ȳā1?"C")NO2ĮĕĂəD«$[ƍ͙_͇Ŋ3[9T
ɆƃAĝÉËȘE˧ǺFȋȼȲā_˗<9p£(15NO2Ɇƃͷ2, 5, 10, 50 µM)E
N2OErl(m/z 44, 45, 46E͘ʇÞEĜ˪)&YȋȼȲā_˗<?"C"p£
(15NO2Ɇƃͷ0 µM)E N2OErl_Ŷ1Ƈ"?˗<9 
 
2.2.5ķŇƳòñɝ¯D%,[ NO2EŚŝơEȅ˫ 
2.2.5.1 ķŇEƳòǷÄEȅ˫͸ķŇ¯DŗĹ3[ÊɆƃ NO2Eȸŝ 
2.2.5.1.1 ˰Ǘ 
 ǹ»̭êɚŔŷDÉʶ3[ǹ»̏ŴŌř̏ř̬ÀůƀḼ̌ŷĶb¥pcf£
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tǑˀɺʊv£y¥FMŋǉ­͈ͪ Â© FMŋǉ Dͫ? 2ĺɉ&Y0-10 cm, 10-20 cm
ķŇ_ƿĖ19Q9ˌɠɺʊǻD? 2 ĺɉ&YǯȏɔŰA 0-10 cm ķŇ_ƿĖ1
9 
 
2.2.4.1.2 ķŇƳòA NO2ɆƃEȸŝ 
 FMŋǉ­͈D?ƿĖ19ķŇD͂1?FķŇƳòȮE pH' 8üƔDC[X#D
ķŇEʱ˙˂_ʼƨ1?ƳòDɢ"[ KCl ȽȮE pH _˭ŝ191 Ǟ́ 25@ľ
ͤ19ɠķ 2.5 gD 2M KOH_ɢ"? pH_ 11.5, 11.6, 11.7, 11.8, 11.9, 12.0D˹ǔ
19 2M KCl 25 mL_Ȳā1ƻA#EE;̥Ɯó͑(3,000 G, 7ó)13+Di
tʴʬɇʠ@]̢_1?ȸŝQ@ 4@×ŗ19ƻA#F30 ʁ́Ƭ@ȱĜ13
+D̥Ɯó͑_˗<9ˌɠɺʊǻ@ƿĖ19ķŇD͂1?F1 Ǟ́ 25@ľͤ1
9ɠķ 3.5 g D 2M KOH @ pH_ 11.92, 12.45, 12.85D˹ǔ19 2M KCl 35mL_
Ȳā110ó́ƻA#(200 min-1)EƔ̥Ɯó͑(3,000 G, 7ó)1itʴʬɇʠ@
]̢_1?ȸŝQ@ 4@×ŗ19NO2ɆƃȸŝFaqcȣDX[ N2O MEŉ
ǃA N2OE GCMS@EȸŝDX<?˗<9(2.2.1.1)ķŇƳò¯E pHȸŝF˰ǗE
ȞǽD=C'[-AQ9ƳòǤ́Dƞ29Ž˚EŉąDXZ pH'ŉą1?1Q#
-A&Y˗^4--@FƳòȽȮE pH_ķŇƳò¯E pHEƹȋA1?ȸŝ19 
 
2.2.4.2 ķŇEƳòǷÄEȅ˫͸15 NO2ȲāǷÄ©@EͦɆƃ NO2Eȸŝ 
2.2.4.2.1 ˰Ǘ 
 FMŋǉ­͈D?ƿĖ19 0-10cm̹̂ķŇ_ɢ"9ķŇFƿĖƔ4 mmEK[
"_̛1ƳòQ@ 4@×ŗ19 
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2.2.4.2.2 ķŇƳò 
 ķŇƳòȮE pH' 8üƔDC[X#DķŇEʱ˙˂_ʼƨ1?ƳòDɢ"[ KCl
ȽȮE pH_˭ŝ192M KOH_ɢ"? pH_ 11.5, 11.6, 11.7, 11.8, 11.9, 12.0D
˹ǔ19 2M KCl_Íƪ17-D 2.5 mM Na15NO2 (99 atom%) ȽȮ 1 mL_Ȳā1
9 (15NO2 ʤɆƃͷ96 µM)-\_ 50 mLt{|k{¥DóĖ1? 1Ǟ́
25 @ľͤ19ɠķ 2.5gDȲā1ƻA#EE;̥Ɯó͑(3,000 G, 7ó)13+
Ditʴʬɇʠ@]̢_1?ȸŝQ@ 4@×ŗ19ƻA#F30 ʁ́Ƭ@ȱ
Ĝ13+D̥Ɯó͑_˗#ŁĜA10ó́ƻA#Ĭ@ƻA#(200min-1)3[ŁĜAE 2
=EǛȣ@˗<9$Y\9ƳòȮFaqcȣDXZȸŝ_˗"ƳòȮ¯E 15NO2
ɆƃA NO2EĝÉËȘȲā 15 NO2EĮĕə_ʖò19ķŇƳò¯E pH ȸŝF
˰ǗEȞǽD=C'[-AQ9ƳòǤ́Dƞ29Ž˚EŉąDXZ pH'ŉą1?
1Q#-A&Y˗^4--@FƳòȽȮE pH_ķŇƳò¯E pHEƹȋA1?ȸŝ
19 
 
2.2.4.3 NO2ĝÉËȘEʖò 
 NO2ĝÉËȘFÂ©EǛȣ@ʖò19 
 aqcĔƞ(eq. 2.1)DXZɠƪ3[ N2OE 2óŔE NE#;¦óŔF NO2E N
DU#¦óŔF HN3E N DɣǸ3[N2OF N-N-OA"#͗ŦʂCóŔȉ̝_ǯ
3['-EĔƞ@ɠƪ3[ N2O EǴʐE N F HN3D¯ƜE N F NO2DɣǸ3
[-\_Ɔ@˛3AÂ©EX#DC[ 
HNO2 + HN3  N-N-O + H2O + N2   ----  (eq. 2.8) 
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N2OD%,[ʍʡA̱ʡEĝÉËEʥRĜ^5FÂ©EX#D˛3-A'@([ 
44I = 14N 14N 16O 
45I = 15N 14N 16O + 14N 15N 16O + 14N 14N 17O 
46I = 15N 15N 16O + 14N 15N 17O + 15N 14N 17O + 14N 14N 18O 
IFttk¡¥@ȸŝ/\9͎ErlƊƃ_ɿ17\8\E m/zD
%,[¥kEfa͘ʇDX<?˛/\[ 
--@N2OEǴʐE N(N-N-OD%,[ N)D%,[ 15NEŗĹɾə_ PN2O
E¯ƜE N(N-N-O D%,[ N)D%,[ 15N EŗĹɾə_ PA3[Q9̱
ʡĎŔ¯E 16OEŗĹɾə_ P16O17OEŗĹɾə_ P17OA%* 
-EA(é N2OóŔ¯EóŔ̵M=44, M=45EŗĹɾə P44P45FÂ©EX#D
˛3-A'@([ 
 
44P= (1P)(1P)P16O   ----  (eq. 2.9) 
45P= P(1P)P16O + (1P)PP16O + (1P)(1P)P17O----(eq. 2.10)   
  
 eq. 2.8XZN2OE¯ƜENFHN3ɣǸCE@PF 15NEŚŝĝÉËˆɌŗĹD
P16OP17O F7\8\ 16O A 17O EŚŝĝÉËˆɌŗĹȘDɲƋ1-\FŝǓA1
?«$Y\[(P= 0.00366 , P16O= 0.99757, P17O= 0.00038 ) 
--@P17OF͗ŻDŬ/"E@ʚɧąE9TD eq. 2.10D%"?-E͚_ɳ* 
45P= P(1P)P16O + (1P)PP16O   ----  (eq. 2.10 ’ ) 
eq. 2.9A eq. 2. 10 ’ _ɢ"[A 
45I / (44I +45I ) ͺ 45P / (44P +45P )  
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=ͿP(1P) +(1P)P΀/Ϳ(1P)(1P) + P(1P) + (1P)P΀ 
= (P+ P 2PP) / (1 PP) 
19'<?NO2EĝÉËȘFÂ©EX#D˛5m/z 44, 45E͘ʇÞA 15NEŚŝ
ĝÉËˆɌŗĹȘ&Yʖò19(eq. 2.11) 
 
atom% of NO2 =P 
= 100 Ϳ45I / (44I +45I ) P΀/Ϳ12Pͬ45I / (44I +45I )P΀  ----  (eq. 2.11) 
 
2.3 ʧǼAʼť 
2.3.1aqcŉǃĂəA˰ǗȽȮ pHE͂Õ 
 pH12.8D˹ǔ19 2M KClA pH_˹ǔ1?"C" 2M KCl (pH5.2)_ȽŒA1?
Íƪ19 NO2Ɇƃty£z¥_aqcȣDX<? N2O MAŉǃ1GCMS @ȸ
ŝ_˗<9ʧǼ_ Fig 2.1Dɿ19B;YE pHǷÄD%"?UɆƃ' 050 µME
ʙıD%"?NO2ɆƃAN2OErl(m/z 44)Fɱʰơ_ɿ1ĮźɱʰFpH12.8
D%"? y=38649x5470, pH5.2D%"? y=39050x5438@!<9 (R20.999, n=3)
®ʽEĮźɱʰEã(FX*¦ˇ1ã(&Y pH12.8E˰ǗD%,[ NO2E N2OM
EŉǃəF pH5.2EŁĜE 0.99Û@!<919'<?aqcĔƞF pH12.8Q
@Eʙı@˰ǗȽȮE pH DFƍ͙/\4NO2ɆƃEȸŝDɢ"[-A'Ě˂@!
[Aʼ$Y\9 
 
2.3.2aqcŉǃĂəA˰˕ɆƃE͂Õ 
 NO2E̪åDɢ"[ HN3ȽȮɆƃ_ 2.2.1 (1) Dˬ̍EǛȣE 13ÛEǷÄ@Ș̌
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19ʧǼ_ Fig 2.2Dɿ19pH' 12.8, 12.6, 9.0E7\8\EǷÄD%"?aq
cĔƞ¯E HN3ȽȮɆƃ'ͱÛͲÛEǷÄ@F 1 ÛEǷÄXZUĮźɱʰEã(
Fŉ^YC"&U1*FÊ©19N2OMEŉǃəFȅ̵ʰEã(&Y1ÛEǷÄ
AȘ̌1?pH12.8@˰˕Ɇƃ 2ÛEŁĜF 0.88ÛpH12.6@˰˕Ɇƃ 3ÛEŁĜ
F 0.88 ÛpH9.0 @˰˕Ɇƃ 3 ÛEŁĜF 0.92 Û@!<919'<?HN3ȽȮ
ɆƃEŅāDX<?ŉǃəFS1]Ê©3[9T2.2.1 (1)EɆƃǷÄ@Ĕƞ_˗#
E'̦Ƌ@![Aʼ$Y\9 
 
2.3.3 aqcȣD%,[|ktĂǼ 
2.3.3.1 pHŉąD%,[|ktĂǼ 
 ahƳò_˗<9ķŇƳòȮAahơ¤Q9F̱ơD˹ǔ19 2M KCl
ȽȮD 20%(v/v) ̯̱_Ȗ͊ɭCɆƃ@Ȳā1ȽȮ pH_ȸŝ19ʧǼ_ Fig 2.3D
ɿ19ķŇƳòȮAahơE 2M KClȽȮD%"?̯ ̱Ȳā̵EŅāAAUD
ȽȮ pHFÊ©1ǭʤɭD3N? pH<5Q@Ê©19aqcĔƞD%"?Ĕƞ
éË(eq. 2.1)EĔƞ̜ƃF pH>5 @͠˒DÊ©3[-A'ɿ/\?"[(Mcllvin and 
Altabet 2005)2.3.1D?ɿ/\9X#DpH12.8EǷÄ@UaqcĔƞEĂəF
ȵŭ1C&<9'¦̬Eah KClE pHFǭʤȖ͊@ pH5E¨͆D̓ǀ1?"
9¦̬EƳòp£FKClty£z¥AȘ̌1?ʔ̵E̯̱ȲāDŦ1? pH
'Ê©1>Y&<9(Fig 2.3 : O2A pH9.5, M6A pH12)1&1ƳòȮEöǲ pH
AaqcȣAʔ̵E̯̱ȲāƔEǭʤɭC pHAEŉą̵FķŇƳòȮAah
ơ¤̱ơE KCl ty£z¥@OPŶ'RY\C&<9(Fig 2.4)-E-A&Y
p£D%"?UaqcĔƞ¯E pHǷÄF˰ ǗȽȮEöǲ pHǷÄDÒŗ1?
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ȟŝ/\[Aʼ$Y\919'<?ķŇƳòȮ¯EķŇɣǸƪó'aqcĔƞ¯
E pHǷÄD%XP3ɲ¸ÍɢFɋ˥@([Aʼ$Y\9 
 
2.3.3.2 NO2ŉǃĂəD%,[|ktĂǼ 
 pH ǷÄEɩC[ķŇƳòȮDǝɷɆƃE 15NO2_Ȳā112 Ǥ́ͳ@×ŗ1
9E;DaqcȣDXZNO2_N2OMAŉǃ1ŝ̵19ʧǼ_Fig 2.5Dɿ19 
 Ȳā 15NO2Ɇƃ' 1µM EÊɆƃǷÄ@!<?UpH ' 3.5712.17 Eƀ"ʙı@
N2O ŉǃ̵FŚŝ1?%ZNO2ȋȼȽȮAEŶɩU˳TY\C&<9-E-A&
YNO2'ÊɆƃD1&ŗĹ1C"ǷÄD%"?UaqcĔƞD%,[ķŇƳò
ȽȮ¯Eìŗɔ̂AEĔƞFʼƨ1C*?X"-A'ɿ/\9 
 
2.3.4ķŇƳòñɝ¯D%,[ NO2EŚŝơ 
2.3.4.1 ķŇEƳòǷÄEȅ˫͸ķŇ¯DŗĹ3[ÊɆƃ NO2Eȸŝ 
 FM ŋǉ­͈EķŇD%"?ƳòȮE pH F 6.229.33 EʙıDóŸ1pH E¨
ǠAAUD NO2ɆƃU¨Ǡ3[ãĞ'RY\9(Fig 2.6 (a))Q9ˌɠɺʊǻEķŇ
D%"?ƳòȮE pH FǯȏɔŰ@ 3.5711.62010cm ķŇ@ 4.6712.17 DóŸ
1ƳòȮ pHE¨ǠAAUDNO2Ɇƃ'¨Ǡ19(Fig 2.6 (b)Q9BEķŇD
%"?UƳòȮ pH' 56_©Į[ǷÄ@F NO2ɆƃF£kEÞ_©ĮZȅ
ò'@(C&<9B;YEpcD%"?Uĝ¦EķŇ_ pH 'ɩC[ KCl @Ƴ
ò19ŁĜpH E¨ǠDƕ<? NO2Ɇƃ'¨Ǡ3[-A&YahơD˹ǔ1
9 KClȽȮ@Ƴò3[-ADXZ(A)Ƴò¯E(ķŇ,`ɅȮ¯E)NO2E×ŗơ'ͦ
Q[Ě˂ơ'ʼ$Y\91&17\AFɩC[Ě˂ơA1?(B)UAUA NO2
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ÂŊEƌƦA1?ŗĹ1?"[ʍʡąĜɔ&YahƳò¯D NO2'ɠƪ3[Ě
˂ơUƹǈ@([Q9(C)ķŇƳòȽȮE×ŗ¯D%,[ NO2EŚŝơ' pHDÒ
ŗ3[Ě˂ơUʼ$Y\91&1ƳòȽȮDƚ̵E 15NO2EȲā_˗<9ʧǼ
(2.3.3.2)&YɸǲE×ŗ@!\GÊɆƃE NO2ȸŝDķŇȽȮE pH'ĒP3ƍ͙F
ˣY\4pHDÇ<9 NO2ɆƃE¨ǠF(A)Q9F(B)DX[-A'ɿĨ/\9 
 
2.3.4.2 15NO2ȲāǷÄ©@EͦɆƃ NO2Eȸŝ 
 ķŇƳòȮE pHA 15NO2ɆƃE͂Õ_ Fig 2.7 (a) DķŇƳòȮE pHA NO2E
atom% ( 15 NO2 /14+15 NO2 )E͂Õ_ Fig 2.7 (b)DķŇƳòȮE pHA 15NĮĕəE
͂Õ_ Fig 2.7 (c) Dɿ19 
Q415 NO2ɆƃA 15NĮĕəFƳòȮ pHDÒŗ19¦ŝEãĞ_ɿ/C&<9(Fig 
2.7 (a), (c))-E-A&Y3*C*AU5.5͹pH͹9EʙıD%"?FķŇƩɅ
Ȯ¯E NO2EŚŝơF pH Eƍ͙_ė,C"Aʼ$Y\91&1¦Ǜ@ NO2E
atom%=QZéNO2DŦ3[ 15 NO2EȘəFƳòȮ pHE¨ǠAAUDÊ©19(Fig 
2.7 (b))-\FƳòǤE pHǷÄE¨ǠAAUD(A’)ķŇ¯DUAUAŗĹ3[Ê
ɆƃE NO2EƳòĂə(Śŝơ)EŅā(B’)/\?"C"Ŀ̂&YE 14NO2Eɠ
ƪDX[Ź̲Q9F(C’)/\?"C" 14NO2AȲā19 15NO2EºǃĔƞ
'ɠ29Aʼ$Y\9 
 ķŇ¯DUAUAŗĹ3[ÊɆƃ NO2EȸŝʧǼ(2.3.4.1)D%"?U(A’)Q9F
(B’)EĚ˂ơ'ɿĨ/\?"[15NO2_ȲāǷÄ©@ǭUÊ" pH ǷÄ(pH11.5)@
Ƴò_˗<9A(E NO2ɆƃFʞ 76µM@!Z-EA(E NO2EĝÉËȘ(15 NO2
/14+15 NO2)F 98.5 atom%@!<9(Fig 2.7)Q9ɞń¯EÊɆƃ NO2EƳòŞͥD
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%"?-EķŇAĝ2ķŇD%,[ƳòȮ pH EŉąDÇ<9ķŇ¯&YE NO2
ƳòɆƃEŉą̵Fʞ 0.65 µM@!<9(2.3.4.1, Fig 2.6 (a)͸0-10cm B)-\Aĝʔ
EķŇɣǸ NO2'ƳòȮ pH E¨ǠDÇ<?Ñʨ/\9A19ŁĜ15NO2_Ȳā1
9ǷÄ@˦ȸ/\[ĝÉËȘF pH12.0E KCl@Ƴò_˗<9A( 
 (98.5/100 × 76 ) / (76 + 0.65) × 100 = 97.7 atom% 
Aµƣ/\Ş͎D˦ȸ/\9ĝÉËȘ(98.0atom%͸pH12.0, Fig 2.7 (b))AOPĝʅ
ƃEÞ'ƖY\919'<?--@RY\9ƳòǤE pHDÒŗ19ĝÉËȘEŹ
̲Fͦ pHD%,[ķŇ¯ENO2EƳòĂəE¨Ǡ(2.3.4.1)AǔĜɭD˷ǡ/\(A’)
Q9F(B’)EċɗEĂǼDX<?˷ǡ/\#[ 
 30 ʁ́A 10 ó́EƳòǷÄEȘ̌D%"?F15NO2ɆƃNO2E atom%15N
ĮĕəE"4\D͂1?Ṳ"'RY\C&<9ķŇEƳòDɢ"9 15NO2_ĠS
pH11.5~12.0E 2M KCl ER_t{|k{¥Dè\?ķŇ'ìŗ1C"ǷÄ
@ 10ó́ƻA#¤̥ Ɯ¤]̢19ŁĜ@U15NĮĕəF 96ͩʅƃ@!<9(Fig 2.7 (c)͸
STD(no soil))-E-A&YƻA#&Y]̢Q@E¦̞EƳòǋÍ7EUE@a
h KCl¯@!<?U¦̬E NO2'ǆŎ3['7EÿĜFŬ/"Aʼ$Y\9 
 
2.4 ʧ˺ 
 pH' 12.7Ḍ3[X#CƊahơE˰Ǘ@!<?Uaqcȣ@E NO2E
ŝ̵'Ě˂@![-A'˳TY\9(2.3.12.3.3)ķŇɣǸEÊɆƃ NO2EƳòD%"
?FpH E¨ǠAAUDƳòȮ¯ NO2ɆƃF¨Ǡ1(1)ƳòǤE pH ¨ǠDÇ<?
NO2EŚŝơ'¨Ǡ3[U1*F(2)ƳòǤE pH¨ǠDÇ<? NO2ÂŊEʍʡą
Ĝɔ&YE NO2ɠƪ'Ö̠/\[Ě˂ơ'!<9(2.3.4.1)ahƳòD%"?R
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Y\[ķŇɣǸE NO2ɆƃE¨Ǡ'-E"4\EhuDX[UE&ɛȖ͊@
ʧ˺>,[-AFòǸC"1&1ƳòȮ pH͹͵Eʙı@FˠǓEǯȏɔŰ¤̹̂
ķŰE3N?D%"? NO2'ȅò@(C"-A&YQ4FahƳòDX<?ķ
ŇɣǸE NO2_Įĕ17EX#D1?ƖY\9ķŇɣǸE NO2' NO2Eŉǃ̜ƃ
ABEX#C͂ÕD![E&D="? 5ʏ@˽˺19   
 ¦Ǜ@NO2−_Ȳā19ǷÄ@FƳò¯E NO2−ŚŝơF3*C*AUķŇƳò
Ȯ' 5.5͹pH͹9Eʙı@ pHEƍ͙_ė,C&<9(2.3.4.2)-E-A&YStevens
YEȲā NO2-EŚŝơ' pH DŦ1?ǐƥDƞʕ1C"E@!\GahơD˹
ǔ1C" KClDX<?Ƴò_˗#-AFĝ¦Ep£D%"? NH4+ NO3−D="
?Uȸŝ_˗$[ɉ-\Q@EǝŗɺʊAEȘ̌_Ě˂D3[ɉ&Yǯɮ@![Ş
͎DķŇME 15NO2−ȲāľͤDX[ķŇ¯E NO2−ăƦEưǄD%"?Ƴò KCl E
pH'%XP3ƍ͙D="?F3ʏ@/YDȅ˫_˗<9 
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y = 39034x - 5556 
R² = 0.999 
(pH =12.8)
y = 39435x - 5450 
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Fig 2.1. ɩC[ pHE˰ǗDaqcȣ_ɢ"9͎E NO2−ɆƃA 
        N2O¥kfaE͂Õ (n=3) 
N2OE¥kfa(m/z 44)F£kÞ_Ŷ1Ƈ"9Þ@˛ɿ19 
ͷNO2−ȋȼȽȮ, pH12.8, ͷNO2−ȋȼȽȮ, pH5.2 
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Fig 2.2 aqcȣD%,[HN3ȽȮɆƃA N2O¥kfaE͂Õ(n=1) 
HN3ȽȮɆƃF(2.2.1)Dˬ̍EǛȣE 1Û(1), 2Û(2), 3Û(3)EɆƃ@˰ͥ_
˗<9 
(a) NO2−ȋȼȽȮ, pH12.8, (b) NO2−ȋȼȽȮ, pH12.6, (c) NO2−ȋȼȽȮ, pH9 
 
( a ) 
( b ) 
( c ) 
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Fig 2.3 20% CH3COOHȽȮEȲāDŦ3[2M KClAķŇEahƳòȮD 
        %,[ pHŉą 
ķŇƳòȽȮD="?F̃ˋEr£@ahơ(pH9.5 12.8)D˹ǔ19 KCl D
="?F͕ˋEr£@̱ ơ(pH2.5 4)D˹ǔ19 KClD="?FʢEr£@ɿ
19CH3COOH ȲāF 2.2.1 Dˬ̍EƬȣAʔ̵Q@˗"ȍ̋FǭŌEȲā̵DŦ
3[Ș@˛19ɉʰF pH5Ec£_ɿ3ķŇƳòȽȮD="?M-1, M-2 : 0-10cm
ķŇ (ˌɠ)O-1, O-2 : ǯȏɔŰ (ˌɠ) _ɿ3 
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Fig 2.4 Fig 2.3D%,[öǲ pHA CH3COOHȲāDX[ pHEŉą̵E͂Õ 
ʲ̋Dɿ/\[ pH Eŉą̵Föǲ pH A CH3COOH _ǭŌ̵Ȳā19ƔE pH AEŶó&Y
ȜT9 
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Fig 2.5 ķŇƳòȮDÊɆƃ 15NO2−_ȋȼȲā1 AzideȣDX[ŉǃ_˗<9 
        ͎EķŇƳòȮA N2O¥kfaE͂Õ (n=1, ER n=3) 
0-10cmķŇEahƳòȮ(M-1, M-2)AǯȏɔŰEahƳòȮ(O-1, O-2)D=
"? 15NO2−EȲā_˗"Azide ȣDX[ŉǃ@ɠƪ19 N2O(m/z=44+45+46)E¥
kfa_ɿ19--@15N-N2OF 15NO2−DɣǸ3[ N2O_/1ěȸŝÞ&Y
Â©EX#Dʖò19 
15N-N2O = N2OE¥kfa(m/z 44+45+46)(NO2−E atom% )/ 100 
Normal KClF pHǳ˹ǔE 2M KClȽȮ_ȽŒA1?˹ǔ19NO2−Ɇƃty£z¥
@!ZÞFŽĻÞ@ɿ1f¥¥Fȋȼ˶Ŷ_ɿ19(f¥¥FŬ/"9TD
˥˳@(C"ŁĜ'![) 
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Fig 2.6 ķŇƳòȮE pHAƳòȮ¯ NO2−ɆƃE͂Õ (n=1) 
(a) FMŋǉ­͈E A, BĺɉD?ƿĖ/\9 010 cmķŇ%XJ 1020 cmķŇ 
(b) ˌɠɺʊǻE 0-10cmķŇͪM-1, M-2ͫ%XJǯȏɔŰͪO-1,O-2ͫ  
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Fig 2.7 15NO2−ȲāǷÄD%,[ķŇƳòȮ pHA(a)15NO2−Ɇƃ 
    (b) NO2−E atom%ͪ cͫ15NĮĕəE͂Õ 
ƳòǤ́F 30 ʁ()10 ó()@˗"ķŇ_Ȳā54DĝȊEǋÍ_%-
C<9ĆF@ɿ19 
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ʓ3ʏ ȃǻ˛ŰķŇD%,[¹ɼ̱ɠƪ¤ȭ̜́ƃ
Aȭ́ʦ̉E˧Ǻ 
 
3.1 ʯ˩ 
 ͱʏ@FaqcȣAGCMSȸŝDXZahƳòDX<?ƖY\9ͦ"pH
_U=ķŇƳòȮ@!<?UNO2−EɆƃŝ̵%XJĝÉËȘȸŝ'Ě˂CǷÄ_ȟ
ŝ19Q9Ȳā19ͦɆƃENO2−EĮĕəFƳòȽȮEpH'5.5&Y9Eʙı@ŉ
ă1C"-A_ɿ19-\_ɢ"?ǵʏ@FȃǻķŇ_ɢ"?15N@19
NO2−_ͲȖ͊EɆƃ@Ȳāľͤ1ěľͤǤ́D%,[NO2−ɆƃAĝÉËȘ_ŝ̵
3[-A@ͪͰͫȃǻķŇD%,[NO2−Eɠƪ¤ȭ̜́ƃ_ʖò1Q9ͪͱͫ15NE
ŉǃ_̖̈3[-A@NO2−'BEX#CƌƦMAŉǃ/\[E&D="?ȅ˫19
Q9ͪͰͫD="?NO2−EƳòǷÄȲā3[15NO2−ɆƃķŇEľͤǤ́'NO2−ɠ
ƪ¤ȭ̜́ƃEʖòD«$[ƍ͙_ȅ˫19 
 
3.1.1 ķŇ¯EɋȏƦʍʡŉǃ̜ƃEʖò 
 NO2−FɆƃ'Ŭ/*Ō(C̜ƃ@ɠƪAȭ́'ĝǤD̄(?"[-A'ƣŝ/\
[9Tǵɺʊ@F15N_ùɢ1?7E̜ƃ_ʖò3[ƕǸķŇ¯ENH4+VNO3−
Eɠƪ̜ƃFķŇ_¦ŝǲ́ľͤ17Eǲ́ENH4+VNO3−EɆƃŉą&YȜTY
\?(9-EX#D1?ƖY\9̜ƃ_ʟ̜ƃ(net rate)A""ċÉǤ́!9ZE
ɋȏƦʍʡE˓ʇ̵_/31&1ȃǻķŇF¦ˉɭDɋȏƦʍʡɆƃ'Ê*ʍʡ
Dú͆/\9ʜ@![9TDɠƪ/\9ɋȏƦʍʡF̜̒Dȭ́/\#[19'<
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?ɠƪ̜ƃAȭ̜́ƃEŶó@1&C"˓ʇ̜ƃ@FŞ͎EɋȏƦʍʡEƺă_ćó
D˛3-A'@(C"7-@ɛĹ@F15N_ùɢ1?ɴEɠƪ̜ƃ3C^;ʮ̜
ƃ(gross rate)_ʖò3[˧Ǻ'ƀ*ɢ"Y\?"[9A$G1990žÁQ@F&*
²_ė,?"C"̶ˑȎǻķŇEŋ*@NO3−ɆƃFÊ*ȃǻ_Åƿ19ƔDNO3−E
˓ʇ'ˣY\[Q@D̾"ǲ́_ˢ3[-A&Y-\YEȃǻķŇ@FNO3−ɠƪȨ
ơFÊ*NO3−EĝąF̳ˢ@FC"Aʼ$Y\?(9(Vitousek et al. 1982)1&
17EƔ1990žÁö͝DC[AOA`BNO3−'˓ʇ1C"̶ˑȎǻķŇD%"?
U͠ ˒CNO3−ɠƪANO3−ȭ́'ɠ2?"[-A'15N_ɢ"9ɴENO3−Eɠƪ̜ƃ
ȭ̜́ƃEȸŝDX<?ǡY&D/\?(9ͪDavidson et al. 1992, Stark and Hart 
1997 ͫC%Âͅ@ɠƪ̜ƃA˛ˬ19͎DF3N?ʮ̜ƃ(gross rate)_/3UE
A3[ 
 -\YEɠƪ¤ȭ̜́ƃEÞF![ɋȏƦʍʡ¥Epcu(Ɇƃ)EǤ́ŉąA
¥¯EĝÉËȘEǤ́ŉąEȸŝÞ_"*=&EÃŝ_üǂA19ƆDÁ
è1?ʖò/\[ƆDF"*=&Ey¥£'ŗĹ3['-\YF"4\UN
Eé̵A15NE̵EǤ́ŉą_ˬ̕3[ƚóǛʅƆ@!ZÁǓɭD˧Ǻ˧_Ɩ[9T
EUE(Kirkham and Bartholomew 1954, Kirkham and Bartholomew 1955, 
Blackburn 1979, Nishio et al. 1985, Barraclough et al. 1985)A̓ÈɭDǓÞ˧_Ɩ
[9TEUE(Myrold and Tiedje 1986, Bjarnason 1988, Wessel and Tietema 1992, 
Smith et al. 1994, Booth et al. 1998, Muller et al. 2004)Eͱʆ͡DŌø/\[˧Ǻ
˧_Ɩ[9TEǛʅƆA1?Kirkhan and Bartholomew (1954)F/\9ɋȏ
Ʀʍʡ¥Eɠƪ̜ƃAȭ̜́ƃ_/\9¥ENEé̵(14N+15N)A15N
̵E͂ǓA1?ɿ19-EƆFͦɆƃE15NȲāAɸǲ́EľͤD%"?ǯĂ@![
7EƔBlackburn(1979)F-\DʚċCŉǪ_ā$ˆɌɖƦ@ŗĹ3[ƚ̵E15N_
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ʼƨD"\9-A@ÊɆƃE15NȲāDU̦ɢ@([X#D197\Âͅ1
9ɋȏƦʍʡ¥Eɠƪ¤ȭ̜́ƃE˧Ǻ˧_˪ʖ3[9TDF¦ˉɭD
Blackburn(1979)E¥s£'ɢ"Y\?(9'-EƆFKirkham and 
Bartholomew (1954)Dɿ/\[ƆAƚóǛʅƆEŝƆąD%,[ǵ̂ɭCŶɩFC"
7E9T¦ˉDFKirkham and Bartholomew (1954)_Ƈɢ1?Blackburn(1979)E
Ɔ_̦ɢ3[-A'˗^\?"[Q9BarracloughY(1985)NishioY(1985)EƆ
UKirkhan and Bartholomew (1954)Dɿ/\9Ɔ_øE˛ɛ@ɿ19UE@!Zǵ
̂ɭC̤"FC"(Wessel and Tietema 1992, Smith et al. 1994)Â©DF
Blackburn(1979)E̜ƃ˪ʖƆ_ɿ19Kirkham and Bartholomew (1954)Dɿ/\
?"[ƆFeq. 3.1%XJ3.2D%"?k=0EŁĜDʔ1" 
 
ɠƪ̜ƃ = (M0-Mt)/t  ln{(ftk)/(f0k)}/ ln(Mt/Mͯ)          ͪ eq. 3.1  ͫ
ȭ̜́ƃ = (M0-Mt)/t ͻ1+ln{(ftk)/(f0k)}/ ln(Mt/Mͯ)ͼ      ͪ eq. 3.2  ͫ
 
M0: öǲ 14+15N¥[µgN/g dw] 
Mt: ľͤ tǤ́ƔE 14+15N¥[µgN/g dw] 
t: ľͤ̀ő&YEǤ́[h] 
f0 : öǲE 15NŗĹȘ(ĝÉËȘ) 
ft : ľͤ tǤ́ƔE 15NŗĹȘ(ĝÉËȘ) 
k : 15NˆɌŗĹȘ 
 
Â©@F-E̜ƃƆEĎɝ_˷ǡ3[ 
![ʜͪÐ$GķŇͫEC&@A→B→C A"#ɔ̂ŉǃ̢ʅ'ŗĹ3[A(15N
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@/\9 BͪÂͅ@F 15NBA3[ͫ_ʜDȲā3[AľͤǤ́AAUDA
&Y/\?"C" B 'ɠƪ3[-\DAUC"B éËD1T[ 15NB EȘ
əFÊ©3['15NB Eé̵F×ŗ/\[-\_ B E¥D%,[ĝÉËȘ'
Ź̲/\[A˛ɛ3[¦Ǜ@B 'ȭ́/\[̢ʅD%"?ĝÉËȘFŉă54
15NB ̵'ȵŭ3[Q9B E¦ŝǤ́îEŉą̵F7EǤ́îE B EɠƪAȭ
́EŶó@˛/\[-\YE-A&YBEɆƃAĝÉËȘEŉą_y£l3
[-A@NO2−Eɠƪ̜ƃAȭ̜́ƃE7\8\_ʖò3[-A'@([ĝÉËȘ
F Bé̵DŦ3[ 15N̵EȘə@˛/\ċÉF atom%A˛ˬ3[(eq. 3.3) 
 
Atom% of B = 15NB / (14NB + 15NB)×100 (%)   ----  (eq. 3.3) 
 
C%eq. 3.1, 3.2_ū*̢ʅ@FÂ©EǷÄ(A)(C)_Ãŝ1?"[ 
 
(A) 14NA 15NFķŇ¯@Q9ȭ́¡vtD%"?ĝ2X#Dƻ[ˈ# 
(B) Ŧ˾A3[ɔ̂Eɠƪ¤ȭ̜́ƃFľͤǲ́_̛2?¦ŝ@![ 
(C) Ŧ˾A3[ɔ̂E¥&Yȭ́/\9 15N'ïJĝ2¥MAƙɞ3[-A 
FʼƨDè\C" 
 
 -EƬȣF15NŹ̲ȣAĥG\A*DȃǻķŇCBʍʡEƙɞ̜ƃ'Ō(*ɋȏ
Ʀʍʡ'˓ʇ1C"X#CʜD%"?FʍʡEăƦ_ưǄ3[9TEƊĀC}¥A
1?ɢ"Y\?(9ĎɝɭDF15NBEÁ^ZD15N@1915NA_Ŀ̂A1?
ʜDȲā1ľͤǲ́¯E15NBɠƪ̵_ˣʇU[-A@ BEɠƪ̜ƃ_ʖò3[-A
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U@([7\AȘN?15NŹ̲ȣFĿ̂ȲāACYC"9TDŞɞńDXZč1
9̜ƃEˣʇUZ'Ě˂@![ 
 ķŇ¯ENH4+VNO3−Eɠƪ¤ȭ̜́ƃ_ʖò3[9TD15NŹ̲ȣFƀ*ɢ"Y\
?"[' (Davidson et al. 1992, Hart et al. 1994, Stark and Hart 1997, Venterea et 
al. 2004, Silver et al. 2005, Corre et al. 2007, Templer et al. 2008, Kuroiwa et al. 
2011, Isobe et al. 2012, Schütt et al. 2014, Corre et al. 2014)ķŇ¯ENO2−Eɠƪ¤ȭ
̜́ƃEʖòME̦ɢF͆Y\?"[(Burns et al. 1995 , Isobe et al. 2011) 
 
3.1.2 NH4+, NO3−ŉǃ̜ƃE˧Ǻ˧EʖòD%,[üǂǷÄEȅˮ 
 --@F15NŹ̲ȣ_ɢ"[#$@EüǂAC[ǷÄ(A)(C)EȓƋơD͂3[˲ʣ
_ǝƐɺʊEʧǼD19'<?ˬ3NH4+ANO3−Eŉǃ̜ƃ_ʖò3[9TEüǂǷ
ÄA1?A1?F-\Q@/Q0QCȅˮ'˗^\?(9(Bjarnason 1988, 
Davidson et al. 1991,Watson et al. 2000, Cliff et al.2002, Herrmann et al. 2005, 
Luxhøy et al. 2003, Luxhøy et al. 2004 )Ãŝ(A)(C)E#;(A)EǷÄFNȭ́D
%,[14NA15NȨƲDßZ'C"-A_ƤĤ1?"[-EǷÄ_ƴ×3[9TDF
(
)ɠɔɭ¤ąřɭCȭ́ĔƞD%,[̧ƲEcat'C"-A%XJ()ķŇ
ʜD%"?14N%XJ15N'Ļ¦DȱĜ1?"[-A'Ɲˢ@![(
)D="?Fď
ţDFȓ1*FC*ƚɠɔĔƞVąřĔƞE͎DF15N, 14NEùɢDßZ'ɠ2[ͪ ĝ
ÉËóøͫ-A'ɿ/\?"['(Delwiche and Steyn 1970)-ȨøEʅƃF15N_
Ɇʳ19ʍʡ_Ȳāľͤ19A(DRY\[ĝÉËȘŉąEŌ(/AȘ̌1?.*^
4&@![9TD15N_Ȳāľͤ3[ŁĜDFɋ˥@([(Hart et al. 1994)()D
="?F̛ Ż15NEȲāFr£sCBEĬí_ɢ"?ķŇD15N_ĠSȚȽȮ_ȱĜ
/5[-ADX<?˗^\7EƔŐșɭCľͤDÑ/\[9T15NEśéDĻ¦C
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ȱĜFªĚ˂@![7-@BEʅƃEȱĜ@!\G̜ƃEʖòÞDƍ͙_«$C"
&'ȅˮ/\?(99A$GDavidson et al. (1991) FķŇEŕ͍ͪck¡pc
ͫD%,[15NEóŸEªĻ¦ơ'ĝÉËŹ̲ȣDX[̜ƃ˪ʖD«$[ƍ͙_ķ
ŇEck¡pc_ƣŝ19·ȑåE_ɢ"?15NóŸEßZDŦ3[ƥƃ˧
Ǻ_˗"ȅˮ19--@F14NA15NEɆƃE7\8\ANEɠƪ¤ȭ̜́ƃͪƚ
ɠɔȨơͫ'ck¡pc́@Ļ¦@![ŁĜ£z@![ŁĜcat'ɠ
2?"[ŁĜ@ǷÄ_˭ŝ1c£|A1?˭ŝ19̜ƃEŽĻÞAr ¥
r£DX<?ǭʤɭDěck¡pc@̣ƪ/\914NA15NɆƃEŽĻÞ_UA
Deq. 3.1, 3.2DX<?ʖò/\9̜ƃ'BEʅƃEŶɩ_Ƹ=&_ȅˮ197Eʧ
Ǽ˪ ʖʧǼE˶ŶFķŇ¯DåŗĹ3[14NEóŸEªĻ¦ơAȲā1915NEóŸ
EªĻ¦ơEēǛDX<?Ƈ(̄-/\£zCóŸ_Ãŝ19ŁĜDȘN?15N
EóŸDcat'![ŁĜ@FXZŌ(C˶Ŷ'ɠ2[-A_ɿ19'7E"4\
EŁĜU˶ŶEʅƃFŬ/&<9(<10%)9:115NEóŸAƚɠɔȨơEēǛD
cat'ɠ2?"[ŁĜD͆ŝ1?͠˒C˶Ŷ'RY\(>40%)ɕDķŇnaEľͤ
CB͗Ļ¦ơEŌ(Cp£_ɢ"?̜ƃEʖò_˗#ŁĜDFȥƤ'Ɲˢ@![
-A_ƹǈ197EƔEɺʊD%"?ɕDNH4+FķŇ¯@EƷǒ̜ƃ'̡"
(Gregory 2006)9TDķŇ¯@EóŸEªĻ¦ơ'̜ƃDƍ͙_ĒP3-A'ƹǈ/
\?(9(Cliff et al. 2002, Watson et al. 2000, Herrmann et al. 2005)1&1-\
YEƹǈDɿ/\[̜ƃEˣʇUZE˶ŶFķŇ˛͘D15NȽȮ_ɀ©3[:,@ȱ
Ĝ_ćóD˗^C"A"<9ŞͥEƬȣD̄į3[UE@!Z15NȽȮ_ˊ*ķŇD
ȱĜ19ŁĜFĮ̩'Ě˂@![-AUƹǈ/\?"[(Luxhøy et al. 2003, Luxhøy 
et al. 2004)Ãŝ(B)D="?Fʍʡpck'Ş͎DFŽ˚ɖƦDFC*ŉǃ̜
ƃVɆƃ'Ǥʜõ@ŉą3[-A'NH4+VNO3−D="?(Bjarnason 1988, Powlson 
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and Barraclogh 1993)Q9NO2−D="?Uƹǈ/\?"[(Burns et al. 1995)1
9'<?eq. 3.1%XJ3.2_̦ɢ3[9TDF0ȑĔƞD̓È'Ě˂CǤ́́͌@̜
ƃEʖò_˗#Ɲˢ'![-Eǲ́FNH4+VNO3−D="?FǓǞ(Hart et al. 1994)
&Y10Ǟʅƃ(Bjarnason 1988, Powlson and Barraclogh 1993, Kirkham and 
Bartholomew 1954)'ǁŏ/\?%ZȲāƔ2Ǥ́A26Ǥ́E14N, 15NɆƃEȸŝÞ
_ɢ"?ʖò/\[-A'¦ˉɭ@![¦Ǜ@NO2−D="?Fɠƪ¤ȭ̜́ƃ'
ͰǞ́Eľͤ@U˒1*ŉą3[-A'ɿ/\?"[ (Burns et al. 1995, Isobe et al. 
2012)19'<?NH4+VNO3−AȘ̌1?ɸǲ́Eľͤ'Ɲˢ@!ZˠǓEķŇ
_Ș̌3[͎DFĝ2ľͤǲ́EÞ_ɢ"[N(:Aʼ$Y\[Ãŝ(C)D="?
Bjarnason(1988)F15NȲā&Y1̟́ƔEǤɉ@-EÃŝ'ǯĂ@FC&<9-A_
ŀģ1BristowY(1987)FƚɠɔcgtME15NEĖZ̑R'Ȳā&YͱǞE#;
Dɠ2Ȳā&Y6ǞÂîDĖZ̑Q\915NEïǏò'ɠ29-A_ŀģ19-\Y
E-A&YUďţDF15NEïƙɞFɠ2['-E˶ŶFɸǲ́Eľͤͪ1~ͱǞͫ
D%"?Feq. 3.1, 3.2DX[ʖòÞDŌ(Cƍ͙_«$C"-A'NH4+VNO3−_ƣŝ
19Er ¥r£ʧǼ&YFɿ/\?"[(Boutton and Yamasaki 
1996)-\Y(A)(C)EüǂD="?Kirkham A BartholomewFüǂ(B)A(C)_ƾ
͇19ƚóǛʅƆD="?UŝƆą1?"[(Kirkham and Bartholomew 1955)1&
1-EŁĜFʜéË@ʍʡEé̵A15NEé̵'×ŗ/\[-A_üǂA3[Ɲˢ'
!Z=QZFśéC̼̿ʜD%"?1&̦ɢ@(C"19'<?-EƆFNH4+_
Ȳā19ŁĜD͆<?üǂ_Ç<?ͪitƦA1?ENEǆŎ'ɋ˥@([ŁĜD̦ͫ
ɢ/\?(9-\ÂŊE15NEƙɞ_ĠSE˧FǓÞ˧ȣDX<?ERƖY\
[ 
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 -\YE-A&YNH4+VNO3−Eŉǃ̜ƃE˧Ǻ˧_Ɩ[-AF¦ˉD(A)EǷ
Ä_Ⱥ939TD15N@/\9ɋȏƦʍʡ_@([͆ZĻ¦DķŇDȲā1(B)
V(C)EǷÄ'ƪʎ3[Ǥ́ċÉ(ͰǞ́CB)@Eľͤ_˗"7Eǲ́îE14N̵A15N
̵Eŉą_Blackburn(1979), Kirkham and Bartholomew (1954)'ɿ19ƆDÁè3
[-A@˗^\?(9˧Ǻ˧ȣDŦ1?ǓÞ˧ȣ@FXZˠ͐CͪŞ͎EɞńDč
19 ͫ_ɢ"?̜ƃEǁŝ_˗#-A'Ě˂:'-\_Ş͎DɋȏƦʍʡăƦ
EɠƦřɭCɺʊDɢ"[DF"*=&İ͒Cɉ'ŗĹ3[Q4ǓÞ˧ȣD%"?
Dɢ"[¥y_ǭ̦ą3[9TDFěɋȏƦʍʡ¥E14NɆƃ15N
ɆƃD͂3[Ǥʜõ@EȸŝÞ'ƝˢDC[/YD-\YE¥yFÚEķ
ŇDX<?UɩC[9T/Q0QCķŇ́@̜ƃEǓÞ˧_Ș̌3[ŁĜ7Eȸŝ
ǓF˅ŌCUEDCZɛŞɭ@FC"7E9TɋȏƦʍʡăƦD͂3[ɠƦřɭC
ɺʊD%"?FU<HY˧Ǻ˧ȣ'ɢ"Y\?(9 
 
3.1.3 NO2−ŉǃ̜ƃE˧Ǻ˧_Ɩ[#$@EĪ͞ɉ 
 -\Q@ɿ19X#D15NŹ̲ȣ_ɢ"?ķŇ¯ENH4+VNO3−Eɠƪ¤ȭ̜́ƃ_
ʖò3[9TEɺʊ'ƀ*˗^\?(9'NO2−Eʮ̜ƃEʖòD̦ɢ/\9ÐFŭ
C"7E9TNO2−ŉǃ̜ƃE˧Ǻ˧_Ɩ[9TEǷÄ_ǭ̦ą3[Ɲˢ'![Aʼ
$Y\9üǂǷÄE(A)D="?F15NȽȮ_ķŇD¦ȊDȲā3[-A@15NH4+V15 
NO3−E͎AĝȊDǯĂAC[Aƣŝ191&1üǂǷÄE(B)A(C)D͂1?Fȅˮ'
ƝˢAC[˧ Ǻ˧ͪ Burns et al. 1995, Isobe et al. 2012 %ͫXJǓÞ˧ͪ Rutting and 
Muller 2008, Stange et al. 2013, Muller et al. 2014ͫEʖòDĿ>*ǝƐɺʊEʧǼ
&YNO2−FNH4+VNO3−AȘ̌Ě˂C̜ƃ@ɠƪ¤ȭ́/\['7EɆƃFNH4+
VNO3−XZU(^T?Ê*ȿɦǤ́'ɸ"Aƣŝ/\[7E9TȲā1915NF̒
 56 
̜Dȭ́/\[Aƣŝ/\[üǂǷÄE(B)A(C)Fɸǲ́EľͤD%"?ƪʎ3[A
ʼ$Y\['NO2−D%"?7Eǲ́FNH4+VNO3−DȘN?ɸ"Aƣŝ/\[Q9
ȲāDX[&*²_ǭŬ͆DABT[9TDĚ˂C͆ZÊ"15NȲā̵D3[-AU
̳ˢ@![Aʼ$Y\9 
 
3.1.4 ŞͥEɰɭ 
 7-@ͪ1ͫľͤǲ́%XJͪ2ͫȲā3[15NO2−ɆƃDɵɰ1NO2−ɠƪ¤ȭ́
̜ƃEǭ̦C˧ǺǷÄ_ȅ˫19#$@ȃǻ˛ŰķŇD%,[¹ɼ̱Eɠƪ¤ȭ̜́ƃ
EʖòAȭ́/\[¹ɼ̱Eŉǃʦ̉Eǁŝ_˗#-A_ɰɭA19 
  
3.2 Ǜȣ 
3.2.1 ķŇ˰Ǘ 
 ǹ»̏ŴŌř̏ř̬ÀůƀḼ̌ŷĶb¥pcf£tǑˀɺʊv£y¥FM ŋ
ǉ­͈ͪÂ© FMŋǉͫ&YƿĖ19ķŇ_ŞͥDɢ"9FMŋǉ­͈F̭ŷĽE̫
Ŋ(ǹ»̭êɚŔŷ)DÉʶ3[9TDŌș&YEʍʡȩè̵'ŋ*ͪ 9.7 kg-N ha-1 yr-1 ; 
Kimura et al. 2009 ͫʧǼA1?ķŇVȴȩȚEɋȏƦʍʡɆƃ'ͦ*ͪºǃƦ NO3-
Ɇƃͷ4.5-11.8 mg-N kg-1 , ȴȩȚ¯ɼ̱Ɇƃͷ1.7-2.3 mg-N L-1 ͸ Takebayashi et al. 
2010 ͫʍʡE̢þą'̠˗1?"[Aʼ$Y\?"[ȃǻîE 2ĺɉ(ĺɉ A, B)&
Y˛Ű 010 c;ķŇ_ƿĖ14 mmEK["@K[<9ķŇ_ŞͥDɢ"9 
 
3.2.2 ķŇME 15NO2−Ȳāľͤ 
 ķŇ 3.5 g_ 50 mLt{|k{¥DóĖ125 D 12Ǥ́ʶ"?üľͤ
_˗<97EƔ1 mM, 5 mM, 25 mM E Na15NO2ȚȽȮ_7\8\ 1 mLȲā1(Ȳ
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āɆƃF 6 mg-N kg-1, 30 mg N kg-1, 150 mg N kg-1DɲƋ)26.5 @ľͤ19ĺɉ
BEķŇD="?F 0, 1, 4, 8, 21, 24Ǥ́EľͤǤ́D%"? 2M KOH@ pH_ 11.9
D˹ǔ19 2M KCl 35 mL_Ȳā1ƻA#(200 min-1, 10ó)̥Ɯ(3,000 G, 7ó)
EE;itʴʬɇʠ(GF/F)@]̢_19ƳòȮFȸŝQ@ 4 @×ŗ190, 8, 
24Ǥ́EľͤǤ́D="?F pH_˹ǔ1?"C" KCl@EƳòU˗<9Q9ĺ
ɉ AEķŇD="?F 0, 4, 8Ǥ́EľͤER_˗"pH_ 11.9D˹ǔ19 2M KCl
@Ƴò_˗<9NO2−Ɇƃ¤ĝÉËȘȸŝFaqcȣDX[ NO2−E N2O MEŉǃ
A GCMSȸŝDX<?˗<9(2.2.1.1)Q9ķŇƳòȮF˃ ʍːȣ@E NO3–Ɇƃ¤
ĝÉËȘȸŝ¥pec̱ą%XJ˃ʍːȣDX[éȽŗƦʍʡ(TDN)Ɇƃ¤
ĝÉËȘȸŝDÑ19 
 
3.2.4 ɋȏƦ¤ȽŗǯȏƦʍʡEɆƃ¤15NȘȸŝ 
3.2.4.1 NO3−EɆƃ¤ĝÉËȘȸŝ 
NO3−EɆƃ¤ĝÉËȘȸŝF˃ʍːȣͪSigman et al. 2001, Casciotti et al. 2002, 
Mcllvin et al. 2011 DͫX<?˗<9-\FN2O̪å̰ʡ'ȐŎ19 Pseudomonas 
chlororaphis subsp. aureofaciensͪATCCͨ13985, NBRCͨ3521ͫ_ùɢ1?NO3−
A NO2−_ N2O MAŉǃ3[Ƭȣ@![ŉǃ19 N2O F GCMS DXZóǺ_˗"
(Isobe et al. 2011)NO3−+ NO2−EɆƃAĝÉËȘ_ʖò19(Stevens et al. 1997)
7EE;˃ʍːȣDX<?ȜT9 NO3−+ NO2−EɆƃAĝÉËȘ&YNO3−+ NO2−
¥¯E 14+15N̵A 15N̵_ʖò1aqcȣ@ȜT9 NO2−EɆƃAĝÉËȘ&
YȜT9 NO2−¥E 14+15N̵A 15N̵_Ŷ1Ƈ*-A@NO3−EɆƃAĝÉËȘ_
ʖò19C%˃ʍːȣEƬ͛FÂ©EX#D%-C<9 
 ːFÂ©EʥƪEȮËľĺ@ľͤ1˃ ʍȨơ'ćóD˴ū/\?"[Aʼ$Y\[
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ľͤ̀őƔ 5~10ǞEǲ́EUE_ȸŝDɢ"9ͪMcllvin et al. 2011 ͫȸŝDɢ"[
üDľĺME NO2−E˓ʇ'C*ː Eɫˀ'ćó@![&_ľĺE¦̬Dl¥t¤
¡c£¹ɼ̱˰˕ͪWAKO, 077-01852ͫ_̵̦Ȳā1ĢˋEǯɋDX<?ɾ˳1
9 ǵɺʊD?˗<9ȸŝE͆Z@F˱Ƌ3[m¥tFC&<9'ÃD-E͎ľĺ
D̃ˋEɵˋ'ˣY\[ŁĜFľĺ¯D NO2−'ȕŗ1?"[-A_ɿ39TÏɢ_
ĖZVT[ľĺEʥƪFÂ©E̛ZDÍƪ19(Mcllvin et al. 2011) 
 
ľĺʥƪ 
Tryptic Soy Broth(TSB) (Difco Laboratories, 211825) : 30 g / L 
£̱·Țʡhd (WAKO, 169-04245) : 36 mM 
ɼ̱hd  (WAKO, 160-04035) : 10 mM 
Ńąa£d (WAKO, 017-02995) : 7.5 mM  
 
Q9˃ ʍːEľͤAːȮEɆʳFMcllvin et al. (2011)_đʼDÂ©EƬ͛@˗<9 
ͪͰͫ500 mL'ca(Ş͎EËʇͷʞ 580 mL)DǊƵŔA 475mLEľĺ_"\
50ó́g¥k ¥D&,9g¥k ¥ʤ´ƔF![ʅƃÊȷDC[Q@
g¥k ¥EK9_!,4DǏʶ19 
ͪͱͫPseudomonas chlororaphis subsp. aureofaciensͪNBRCͨ3521ͫE¥ut
|k&Y˰ͥʗEȮËľĺͪʥƪFĝ¨5mL20ó́g¥k ¥19UEͫ
DȄː1¦ǥƻɯľͤ(Ǩƫ25)19-EːȮͰmL_r£s_ɢ"?①E
ľĺDȄ$=":7EƔl{|kty¥¥¨@ 25Ǩƫ@ľͤ19 
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ͪͲͫȄ$="@&Y 5-10ǞƔEľĺ_ 500 mLE̥ȠʗDóĖ1204000 rpm
@ 30ó̥́Ɯ1?ːË_Įĕ19ːËEĮĕFƝˢCːȮ̵E 5Û̵EľĺD͂1
?˗<9(5ÛɆʳ) 
ͪͳ ȸͫŝEüǞD¨EľĺʥƪD%"?ɼ̱hd_ĠQC"UE_Ɲˢ̵˹ǔ1
?30ó́s¥ɟ@g¥k ¥_˗<9-EľĺDĮĕ19ːË_,`
Ʌ1-EƔEǩșÍȆD%,[ľĺEȤʎ;_̈́+9TDȭȤý PE-L(Wako, 
013-17201)_ľĺ 100m!9Z 0.1mLȲā197EƔHe@ǭɸ@U 2Ǥ́ǩș
_˗<9 
ͪʹͫːȮ 10 mLitcaɟD 2mLóĖ1oȀar¥@ţȀƔ
ÚEcaɟ.ADșɲAːȮDŗĹ3[O2%XJN2O_ćóDʶǃ3[9T
ïJǩș_ 30óÂ¨˗<97EƔcaɟD 1 mLE˰ǗȽȮ_ȥè17E
̵̳_ˬ̻19p£ȥèEʹǞDșËEȩòèDȥƤ1C'Y 6;M NaOH
ͪWAKO, 199-08621, ʍʡȸŝɢ 0ͫ.3mL_Ȳā19-EͦɆƃE NaOHEȲāF
Â©Eɰɭ(A)(B)E9TD˗<9 
(A) ȽȮ¯E˃ʍːEȨă_àȒ1Ĕƞ_ȒT[ːËEó˧DɣǸ3[ʍʡEǏ
òV7\'˃ʍ̢ʅ_ʦ? N2ODŉǃ/\[-A_̈́+ 
(B) N2OAĝ2̵̂Ǔ(M=44)_U= CO2_ 2NaOHͬCO2→Na2CO3ͬH2OEĔƞD
X<?͇Đ3[ 
 
3.2.4.2 éȽŗƦʍʡ(TDN)EɆƃ¤ĝÉËȘȸŝ 
éȽŗƦʍʡ(TDN)F̢ɽ̱̱ąDX<? NOͲ−MAŉǃƔ˃ʍːȣDX<? NO3−
_N2OMAŉǃ1GCMS@ȸŝ_˗<9(Solorzano & Sharp 1980, Koba et al. 2010, 
Isobe et al. 2011)N2OEȸŝÞ&YTDNEɆƃAĝÉËȘ_ȜTȑEƆDĿ>
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"?ȽŗƦǯȏʍʡ(DON)_ʖò19 
DON= TDN  (NO3−+ NO2−+ NH4ͬ) 
C%ǵʏD%"?ahƳò_˗<?"[p£D͂1?FNH4ͬFǆŎ1
?"[AÃŝ1
DON= TDN  (NO3−+ NO2−) 
EƆ_ɢ"?ʖò_˗<9 
 
̢ɽ̱̱ąFÂ©EƬ͛@˗<9 
sÀ(˰ͥʗ(Iwaki, TST-SCR16-100,)D˰ǗȽȮ 1 mL_óȥ1̢ɽ̱̱ą˰˕
(POR)ȽȮ(ʥƪFÂ©đɎ)_ 2mL_ȲāE#$ɱ;D~¡£c¥|j£À
(j|(Iwaki, 9998CAP415-15)@ţȀ197EƔg¥k ¥(121ͭ1hr)
_˗" NH4+_ NO3−Ḏą19-\_˃ʍːȣ@ N2ODŉǃ1ȸŝ_˗<9 
 
PORȽȮʥƪ 
Ț̱ąd (WAKO, 199-08621, ʍʡȸŝɢ)          1.52g 
ḏ (WAKO, 021-02195)                       3g   
gjw·ɽ̱hd(ʍʡ£ȸŝɢ, WAKO, 169-11891)  5g   
         
¨ˬE˰˕_Ț̱ądḏgjw·ɽ̱hdE͛ɨD̅ʟȚ
100 mLDȽ˧/5?Íƪ19 
 
3.2.5 ľͤp£|t¥t¯E N2OEȸŝ 
 NO2−'N2OA1?Ǐò_ŝ̵ɭDǡY&D3[9TD50mLitcaD 3.5
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ͽEķŇ_F&ZAZ1mM, 5mM, 25mM Na15 NO2ȽȮ_ 1mLȲā19ȲāƔ
3+DoȀAar¥@ţŨ115NO2−ȲāƔ15ó1Ǥ́2Ǥ́ͳǤ́
D%,[|t¥tE N2OɆƃ_ GCMS_ɢ"?ȸŝ19 
 
3.3 ʧǼAʼť 
3.3.1 ķŇ¯E 14+15NO2−Ɇƃ15NO2−ɆƃNO2−ĝÉËȘEʦǤŉą 
 Fig. 3.1DFĺɉ A%XJĺɉ BEķŇͪsoilA%XJ soilBͫ¯E 14+15NO2−Ɇƃ
(Fig 3.1 (a)(c))15NO2−Ɇƃ(Fig 3.1 (d)(f))NO2−ĝÉËȘ(atom%)ͪ Fig. 3.1 (g)(i)ͫ
EʦǤɭCŉą_1T19ķŇ BD="?F pHǳ˹ǔE KClͪnormal KClͫAa
h KClͪ alkali KClͫ_ɢ"?Ƴò19 NO2−EʦǤŉąD="?ɿ19soilAA
soilB E®ǛD%"?15NO2−_Ȳā19ɱƔ&Y 14+15NO2−Ɇƃ%XJ 15NO2−ɆƃF
̜̒Dȵŭ196, 30 mg N kg-1ȲāĆD%"? 15NO2−ɆƃF7\8\Ȳā 4, 21Ǥ
́ƔDF<0.5 mg N kg-1AC<9(Fig 3.1 (d),(e))150 mg N kg-1ȲāĆD%"?U
15NO2−ɆƃFʦǤɭDȵŭ19'Ȳā 24Ǥ́ƔEǤɉD%"?Uȕŗ1ȅò/\9
(Fig 3.1 (f))ʫ"? NO2−EĝÉËȘDɵɰ3[AĝÉËȘF soilAA soilBE®ǛD
%"?ʦǤɭDȵŭ19(Fig 3.1 (g)(i))-E-A&Y 14NO2−'ɠƪ/\?"[-A'
ɿ/\NO2−FķŇ¯@ɠƪ/\[AĝǤDȭ́/\?"9 
 normal KCl _ɢ"? NO2−EɆƃŝ̵%XJĝÉËȘȸŝ'Ě˂CǷÄ_ȅˮ19
ʧǼ_ Fig. 3.3 Dɿ3pHǳ˹ǔE KCl@Ƴò_˗<9ŁĜah KCl@EƳ
òAȘ̌1?15NO2−ɆƃF^4&DÊ©19ahƳò_˗<9ŁĜE 15NO2−
ɆƃApH ǳ˹ǔE KCl @̛ŻEƳò_˗<9ŁĜE 15NO2−ɆƃE͂ÕFɱʰ͂Õ
_ɿ1ͪFig. 3.3 (a); y=0.948x0.243 R2=0.9995 ͫNO2−ȲāɆƃD͂^Y4Ƴò pH
E̤"DX[ NO2−ɆƃEȵŭəFOP¦ŝ@!<9Q9ĮźɱʰEã(&Y̛
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ŻEƳò_˗<9ŁĜE 15NO2−ɆƃFahƳòEʞ 95%@![-A'ɿ/\9
-\FͱʏD%,[Ș̌ɭͦɆƃ@ NO2−'ŗĹ3[ǷÄ©@F NO2−Eŝ̵DƳò
ǤE pH'ĒP3ƍ͙FŬ/"A"#ʧ˺A¦ˇ19-E-A&Y̛ŻEƳòȣͪ pH
_˹ǔ1C" 2M KClDX[ƳòͫE̦ɢ'Ě˂@![A÷Ǚ/\97E9Tͳʏ
D%,[˧Ǻ@Fnormal KCl_ɢ"?ŝ̵19Þ_ɢ"9 
  
3.3.2 NO2−EɠƪAȭ́E̜ƃ_ʖò3[9TEüǂǷÄ 
 ¨̕E̛Z eq. 3.1, 3.2Fɠƪ¤ȭ̜́ƃFľͤǲ́_̛2?¦ŝ@![A"#Ãŝ
ͪüǂǷÄ Bͫ_ʶ"?"[ŋ*EɺʊD%"? NH4+V NO3–Eɠƪ̜ƃ_ʖò3
[͎DFľͤ t=t0 A t=t1ͪÐ$G t0=2 Ǥ́t1=26 Ǥ́ͫD%"?ɆƃAĝÉËȘ
_ȸŝ17É@Fɠƪ¤ȭ̜́ƃF¦ŝAÃŝ1?ʖò1?"[1&1Fig. 3.1(dͫ
(fͫEX#Dľͤǲ́éË_̛3A 15NO2EɆƃŉąəF¦ŝ@FC&<9 
ɆƃEȵŭ' 1ȑĔƞDX[ŁĜÂ©E͂ÕƆ'ƪZʎ= 
ȭ̜́ƃ= d[15NO2−] / dt = k[15NO2−] XZ 
ln [15NO2−]t = kt ͬ ln[15NO2−]0 
log[15NO2−]t = ln10(kt) ͬ ln[15NO2−]0 
15NO2−EöǲɆƃͷ[15NO2−]0 
ľͤǤ́= t EA(E 15NO2−Ɇƃͷ[15NO2−]t 
15NO2−ȭ̜́ƃE̜ƃŝǓͷk 
 
7-@Fig. 3.1ͪdͫͪfͫE 15NO2−ɆƃEʦǤŉąD="?ŦǓ¡|_ɿ1
9ͪFig 3.2 ͫlog[15NO2−]Fľͤǲ́D%"?ͪ6mg-N: 0-8h; 30 mg-N: 0-24h; 150 
mg-N: 1-21hͫɱʰɭDȵŭ19-A&Y15NO2−Eȭ́F 15NO2−ɆƃDÒŗ3[ 1
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ȑĔƞ@![Aʼ$Y\91&1ľͤEöǲD%"? 15NO2−EɆƃŉąFOPɱ
ʰɭDɠ299T(Fig 3.1 (d)-(f))ľͤöǲEȸŝÞ_ɢ"ľͤǲ́_ćóɸ*˭ŝ
3[-A@0ȑĔƞ@E̓È'Ě˂@![Aʼ$Y\97-@ 3.3.3D%"?Fɸ
"ľͤǲ́3C^;ěƳòǤ́ÉE7\8\D="?7ÉEɆƃŉąF¦ŝͪ0
ȑĔƞͫAÃŝ1? eq. 3.1, 3.2_ɢ"? NO2−Eɠƪ¤ȭ́Eʖò_˗<9 
 
3.3.3 ľͤǲ́%XJȲā3[ NO2−EɆƃ' NO2−EɠƪAȭ́E̜ƃDĒP3ƍ͙ 
 3.3.2@EʧǼ¤ʼťDĿ>"? eq. 3.1, 3.2_ɢ"?ķŇD%,[ NO2−Eɠƪ̜
ƃ¤ȭ̜́ƃ_ʖò19ʧǼ_ Table 3.1%XJ 3.2Dɿ19̜ƃEʖòFȲā19
15NO2−'ȅò/\[ʙıEěľͤǲ́3C^; AĺɉD="?F 04, 48 hr,Bĺɉ
D="?F 01, 14, 48, 821, 2124 hrD%"?˗<9Â©ʖò19ɠƪ¤ȭ́
̜ƃAľͤǲ́%XJȲā19 15NO2−ɆƃE͂ÕD="?̕N[ 
 
3.3.3.1ľͤǲ́A NO2−ɠƪ¤ȭ̜́ƃAE͂Õ 
 SoilA A SoilB E®ǛD%"? NO2−ɠƪ¤ȭ̜́ƃFľͤǤ́DÇ<?Ê©19
(Table 3.1, Table 3.2)ľͤ_ʦ[D19'<?NO2−ɠƪ̜ƃ'Ê©3[ɝɣA1?
(
)NO2−ȲāDX[&*²Eƍ͙DX[ľͤöǲD%,[ɠƪ̜ƃE̢Ō˯Ó()ȭ
́/\9 15NO2E 15N'ïJ NO2¥MAƙɞ3[ƍ͙DX[ľͤƔǲD%,[ɠ
ƪ̜ƃE̢ŭ˯ÓEĚ˂ơ'ʼ$Y\[(
)FɠƪɔEɆƃDɠƪ¡vt'ȓE
b¥|k_#,[ŁĜDF̄-Z#[Aʼ$Y\['NO2−Ɇƃ' NO2−ɠƪ¡
vt_Ö̠3[A"#ŀģF˒ʽEɷ[͆Z@FC"¦Ǜ()D="?F NO3−&
YE NO2−ɠƪ'IA=EĚ˂ơA1?ʼ$Y\[Ð$GBurns et al. (1996)DX
[AŐșɭCķŇD%"?UNH4+ɣǸ(ɼąɣǸ)A NO3−ɣǸ(˃ʍɣǸ)EēǛ&Y
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NO2−'ɠ2#[ŐșɭCķŇD%"? NO3−ɣǸE NO2−ɠƪF NH4+ɣǸE NO2−ɠ
ƪAȘ̌1?^4&@![-A'ɿ/\?"['(Smith et al. 1997)7\ÂŊEĔƞ
_ĠT?U NO2−¥&Yȭ́/\9 15N 'ïJ NO2−¥Dƙɞ1?*[tk
F 15NȲāƔEʦ̢Ǥ́'̾*C[OBͦ"Aǁť/\[3C^;ľͤǲ́'̾*C
[-A@̜ƃ˪ʖƆ eq. 3.1, 3.2EüǂǷÄ(C)'ƪʎ1C*C[Aʼ$Y\9 
 NO2−ȭ̜́ƃEÊ©F 3.3.2D̕N9̛Z@!ZNO2−Eȭ̜́ƃF NO2−ɆƃDÒ
ŗ3[9TAʼ$Y\9 
 Â¨&YÃD NH4+V NO3−AĝȊD 1 Ǟ́Eľͤ_˗<?̜ƃ_ʖò3[ŁĜ
˪ʖƆ eq. 3.1, 3.2EüǂǷÄ(B)ľͤǲ́¯Eɠƪ¤ȭ̜́ƃ'¦ŝA(C)Ŧ˾
A3[ɔ̂E¥&Yȭ́/\9 15N 'ïJĝ2¥MAƙɞ3[-AFʼƨD
è\C"FƪZʎ9C"-E-AFNO2−EŁĜFľͤǲ́_XZɸ*˭ŝ3[
-A'̳ˢ@![-A'ɿ/\9 
 
3.3.3.2 NO2−ȲāɆƃA NO2−ɠƪ¤ȭ̜́ƃAE͂Õ 
 SoilAA SoilBE®ǛD%"?NO2−ɠƪ̜ƃFNO2−ȲāɆƃEƍ͙_!QZ#,C
&<9NO2−ȲāɆƃ'̜ƃEÞDŌ(*Fƍ͙1C&<9-A&YU3.3.3.1E(
)
D="? NO2−Ɇƃ' NO2−ɠƪ̜ƃDƍ͙_«$[Ě˂ơFŬ/"-A'ɿĨ/\9
Â¨&Yľͤǲ́_ɸ*3[-A@ȲāɆƃD͂^Y4ȃǻķŇ¯E NO2−ɠƪ̜ƃ
'ȸŝĚ˂@![Aʼ$Y\9 
 ¦ǛSoilAA SoilBE®ǛD%"? NO2−ȲāɆƃEŅāD19'<? NO2−ȭ̜́
ƃF͠˒DŅā19(Table 3.1, Table 3.2)-E-A&YU NO2−Eȭ̜́ƃF NO2−
ɆƃDÒŗ3[Aʼ$Y\9 
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3.3.4  ȃǻķŇ¯E NO2-ɠƪ̜ƃ 
 3.3.2-3.3.3EʧǼ¤ʼť&YľͤöǲE 15NO2−Ȳā 14Ǥ́ƔE NO2−ɠƪ¤ȭ̜́
ƃ_ɢ"?ȃǻķŇ¯E NO2-ɠƪ̜ƃD="?ʼť_˗# 
 15NO2−ȲāɆƃ' 6, 30, 150 mg N kg-1 EǤENO2−ɠƪ̜ƃF 8.5, 12.5, 12.2 mg-N 
kg-1 soil d-1@!<9(Table 3.2)-EÞF̢ĐD˗^\9 15NO2−ȲāľͤöǲE NO2−
ɠƪ̜ƃAȘ̌Ě˂Cʅƃ@!<9(ˎĺķŇͷ%X7 520 mg N kg-1 d-1 ; Burns et 
al.1995, ̱ơȃǻķŇͷ28.332.1 mg N kg-1 d-1 : Isobe et al. 2012)Q9ɢ"9ȃ
ǻķŇE NO2−ɆƃF<0.7 mg N kg-1@!<9(Fig 2.6 (a))¦Ǜ@̢ĐDǵɺʊEķ
ŇƿĖĺɉAĝ¦EpcD%"?˦ȸ/\9 NO3−ɠƪ̜ƃF 0.6 mgN day-1@!Z
NO3−ɆƃF 18.8 mg N kg-1@!<9ͪIkutani et al., unpublished data ͫƿĖ19Ř
ʘVĺɉQ9ľͤǲ́'ɩC[9TD¦ȈDFȘ̌@(C"'-E-A&Y NO2−
F NO3−DȘN?Ɇƃ'˒1*Ŭ/"'ɠƪ̜ƃFŌ("-A'ɿĨ/\9Q9¿
EǝƐɺʊD%,[ȃǻķŇE NO3−ɠƪ̜ƃF 06.08 mg N kg-1 d-1@!ZͪHart et 
al. 1997, Silver et al. 2005, Corre et al. 2007 Templer et al. 2008, Boyle-Yarwood et 
al. 2008, Kuroiwa et al. 2011 ͫ-\YAȘ̌1?U NO2−ɠƪ̜ƃFŌ(&<9 
 
3.3.5 NO2-ȭ́¡vtEɲŦɭŢ« 
 ŐșɭCķŇD%"?¦ˉɭD NO2−F̜̒D NO3−MA̱ą/\[Aʼ$Y\?
"[1&1 3.3.3 @1T19X#D NO2−ɠƪ̜ƃF NO3−ɠƪ̜ƃDȘN?Ō("
7E9Tɠƪ/\9 NO2−F NO3−MA̱ą/\[ÂŊD¿EʍʡąĜɔMAŉǃ/
\[Ě˂ơ'ɿ/\97-@ǵɺʊ@F NO3−E¿D DON MAŉǃ/\[Ě˂ơ_
ȅˮ19Q9Ȳā19 NO2−ɆƃE NO3−A NO3−ÂŊEʍʡąĜɔMEŉǃDŦ3[
ƍ͙_ȅˮ19Ȳā19 15NO2−'7\8\EľͤǤ́D%"? NO3−, DONA1?Į
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ĕ/\9ÿĜA-\YEȽŗƦʍʡA1?FĮĕ/\C&<9ÿĜ_ 15NO2−ȲāɆƃ
.AD Fig. 3.4Dɿ19(Fig 3.4 (a)-(c))Q915NO2−, 15NO3−, DO15NɆƃEǤ́ŉ
ą&Y15NO2−, 15NO3−, DO15NɆƃEŅā̜ƃ_ʖò1Fig. 3.4Dɿ19(Fig 3.4 
(d)-(f))Q4Ȳā19 15NO2−E̜̒Cȭ́AAUD 15NO3−Eɠƪ'ɠ29'NO2−
' NO3−MAŉǃ/\[ÿĜF 100%@FC*Q9ȲāɆƃDX<?7EÿĜFɩC
<9(Fig 3.4 (a)-(f))íËɭDF6 mg-N kg-1ȲāĆ@FNO3−MEŉǃ'°C NO2-
Eȭ́¡vt@!<9'(Fig 3.4 (a),(d))30 mg-N kg-1ȲāĆ@FNO3−MEŉǃ
F 24 Ǥ́ʦ̢Ǥɉ@ 27%D150 mg-N kg-1ȲāĆ@F 16%DABQ<9(Fig 3.4 
(b),(c))¦Ǜ@ DONA1?Įĕ/\[ 15NFOA`Bȅò/\46 mg-N kg-1Ȳā
ĆE¦̬EľͤǤ́D%"?ERȅò/\9(Fig 3.4 (a)-(c))Q96 mg-N kg-1Ȳā
ĆD%"?UDO15NMEŉǃFľͤöǲDFɠ24NO3−MEŉǃDŦ1?̳ˢ@
FC"Aʼ$Y\9(Fig 3.4 (d)) 
 24 Ǥ́Ǥɉ@éȽŗƦʍʡA1?Įĕ/\[ʍʡ̵UȲāɆƃDX<?ŉą16 
mg-N kg-1, 30 mg-N kg-1, 150 mg-N kg-1ȲāĆE%E%E@%%X7 65, 25, 50%@
!<97E9TȽŗƦʍʡÂŊEʍʡąĜɔMEŉǃ'ʼ$Y\97EĚ˂ơA1
?(
)itƦEʍʡ(NO, N2O, N2CB)A1?Ǐò/\9()NH4+A1?ŗĹ1a
hǷÄ©@EƳòDXZǅǒ19()Ƴò/\C"ǯȏƦʍʡA1?ƳòƔEķ
ŇDȕŗ19-A'ʼ$Y\97-@(
)EitƦʍʡA1? N2O MAŉǃ/\[
15N̵'BEʅƃŗĹ3[&D="?ȸŝ_˗<97EʧǼN2OA1?E 15NĮĕ
əF 6 mg-N kg-1, 30 mg-N kg-1, 150 mg-N kg-1ȲāĆD%"?ľͤ̀ő&Y 4Ǥ́
ʦ̢Ǥɉ@%E%E 2.4, 6.8, 1.4%@!Z(Fig 3.5)15NO2–E N2OMEŉǃ'ɠ29-
A'ɿ/\9Â¨&Y N2OÂŊEitƦʍʡMAŉǃU1*F¨ˬ()()EĔ
ƞU̳ˢ@![Ě˂ơ'!<9 
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  
3.4 ʧ˺ 
  ͪ1ͫľͤǲ́%XJͪ2ͫȲā3[15 NOͱ−ɆƃDɵɰ1NO2−ɠƪ¤ȭ̜́ƃE
ǭ̦C˧ǺǷÄ_ȅ˫19#$@ȃǻ˛ŰķŇD%,[NO3−Eɠƪ¤ȭ̜́ƃEʖò
Aȭ́/\[NO3−Eŉǃʦ̉Eǁŝ_˗#-A_ɰɭA197EʧǼNO2−Eȿɦ
Ǥ́Fɸ*0ȑĔƞ%XJ15NEƙɞF%(C"AÃŝ1?ɠƪ¤ȭ̜́ƃ_ʖò3[
9TDFNH4+VNO3−Eɠƪ̜ƃEʖòǤDȘN?ľͤǲ́_˒1*ɸ*3[Ɲˢ
'![-A'ǡY&AC<9Q9Ȳā3[15NO2−ɆƃFɠƪ̜ƃDFŌ(Cƍ͙_Ē
P/C"'ȭ̜́ƃFȲā3[15NO2−ɆƃEƍ͙_Ɗ*ė,[-A'ǡY&AC<9
ǭ̦ą19ǷÄ@NO2−ɠƪ¤ȭ̜́ƃ_ʖò19ʧǼNO2−¡¥Eȸŝ_˗#9T
DFÂ©Eɉ(1)-(3)'̳ˢ@![Aʼ$Y\9 
(1)15 NO2−ȲāɆƃFȇĀÊɆƃDɦT[ 
(2)ȲāöǲEÞ_̜ƃEʖòDɢ"[ 
(3)̜ƃEʖòDɢ"[ľͤǲ́_ɸ*3[-A@ 0ȑĔƞ@E̓È_˗# 
Q9NO2−F NH4+V NO3−DȘN?ķŇ¯DÊɆƃD1&ŗĹ1C"'NO2−ɠƪF
NO3−ɠƪDȘN?Ō(C̜ƃ@ɠ2?"[-A'ǁť/\9ā$?ȭ́/\9
NO2−F NO3−ÂŊEƌƦDŉǃ/\[-A7EÿĜFȲā NO2−ɆƃDÇ<?ŉą3
[-A'ɿ/\9
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Fig 3.1  15NO2- Ȳāľͤǲ́¯D%,[ 14+15NO2Ɇƃ, 15NO2Ɇƃ, ĝÉË 
ȘEŉą 
(a),(b),(c) : 14+15NO2Ɇƃ, (d),(e),(f) : 15NO2Ɇƃ, (g),(h),(i) : NO2ĝÉËȘ 
(a),(d),(g) : 6 mg-N kg-1, (b),(e),(h) : 30 mg N kg-1, (c),(f),(i) : 150 mg N kg-1 
atom% excess = atom%  ʍʡŚŝĝÉËˆɌŗĹȘ(0.366 atom%) 
soilA soilBFAUD FMŋǉ­͈@ƿĖ/\9 0-10cmķŇ@![ 
Alkali, normalFƳòDɢ"9 2MKClE pHǷÄ_/3 
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Table 3.1   NO2− production and consumption rates in Tama, soil A (n=1) 
added 15N 
KCl Site 
0-4hr 4-8hr 
p c p c 
mg N kg-1    mg N kg-1 soil d-1 
6 alkali A 4.5  27.0  4.0  9.6  
30 alkali A 7.1  73.6  4.0  23.1  
150 alkali A 6.4  317.1  3.4  62.1  
pproduction rate , cconsumption rate   
Table 3.2   NO2− production and consumption rates in Tama, soilB (n=1) 
added 
15N KCl Site 
0-1hr 1-4hr 4-8hr 8-21hr 21-24hr 
p c p c p c p c p c 
mg N kg-1    mg N kg-1 soil d-1 
6 alkali B 20.0  111.6  8.5  27.2  3.4  6.9  0.0  0.1  n.d. n.d. 
30 alkali B 20.9  215.7  12.5  79.8  9.7  40.0  3.6  14.7  1.2  4.1  
150 alkali B n.d. 1246.1  12.2  209.3  7.4  109.5  5.2  63.6  n.d. n.d. 
pproduction rate , cconsumption rate 
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Fig 3.3  ahƳòA pHǳ˹ǔEƳòEȘ̌ 
(a) ahƳòDX[ƳòȽȮ¯ 15NO2−ɆƃA̛ŻE KCl ƳòDX[ƳòȽȮ¯
15NO2−ɆƃE͂Õ 
(b) ahƳòȽȮEȸŝÞ&Yʖò19 NO2−ɠƪ¤ȭ̜́ƃA̛ŻE KClƳòȽ
ȮEȸŝÞ&Yʖò19 NO2−ɠƪ¤ȭ̜́ƃE͂Õ 
1:1  
consumption rate   production rate  
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( a ) ( b ) ( c ) 
( e ) ( f ) ( g ) 
Fig 3.4ľͤǲ́¯D%,[Ȳā 15NEŉǃA 15NɆƃŉąE̜ƃ 
(a)(c)ͷ15NO2−, 15NO3−, 15DONA1?E 15NĮĕəEŉą  
(e)(g)ͷ15NO2−, 15NO3−, 15DONɆƃŉąE̜ƃ(˓ʇ̜ƃ) 
"4\U soil B, ahƳòEȸŝÞ_ɿ19 
     
 
15 NO3−, 15 NO3−, DO15N, unrecovered 15N 
( 
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Fig 3.5 15NO2−Ȳā̵A 15N2O A1?E 15NĮĕə E͂Õ 
ðÐF 15NȲāƔEľͤǤ́_ɿ3 
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4 ʏ ǘ͘ȃǻķŇD%,[¹ɼ̱ăƦA7EúƗ
ˢįE˧Ǻ 
 
4.1 ʯ˩ 
 ͲʏD%"? NO2−FķŇ¯DÊɆƃ@1&ŗĹ1C"'XZͦɆƃDŗĹ3[
NO3−XZUŌ(C̜ƃ@ɠƪ/\?"[Ě˂ơ'ɿĨ/\97-@ǵʏ@F 3 ʏ
Q@D˭ŝ19̜ƃ˧ǺEǷÄ_ɢ"?/Q0QCơ̂EķŇD%"? NO2−Eɠ
ƪ¤ȭ̜́ƃEȸŝ_˗<9Q9ȃǻ˛ŰķŇ@E NO2−ăƦAɼąEhu
_ǡY&D3[9TDʖò/\9 NO2−Eɠƪ¤ȭ̜́ƃAǝƐɺʊE NH4+ɠƪ¤
ȭ̜́ƃ%XJ NO3−ɠƪ¤ȭ̜́ƃÉE͂Õơ_˧Ǻ19Q9NO2−ɠƪ¤ȭ́
̜ƃFBEX#CɞńˢįDúƗ/\#[E&_ǡY&D3[9TDNO2−ɠƪ¤ȭ
̜́ƃAķŇɝąřơAEɲ͂˧Ǻ_˗<9 
 Q93ʏD%"?NO2−FNO3−ÂŊEƌƦDUŋ̵Dŉǃ/\#[-A'ɿ/\
NO2−ɆƃDX<?NO2−Eȭ́ʦ̉'ŉą1#[-A'ɿĨ/\97-@ǵʏ@F
ȃǻ˛ŰķŇD%,[ NO2−Eȭ́ʦ̉A7EúƗˢįD="?ǡY&D3[-A_ɰ
ɭD2=EľͤǤ́D%"? NO2−, NO3− NH4+, DONEɆƃ¤ĝÉËȘȸŝ_%-C
"Ȳā 15 NO2−'BEX#CʍʡąĜɔDŉǃ/\[&_ǡY&D19 
 
4.1.1 ɺʊpcEȈˢ 
 ǷÄEɩC[ 2ĺɉEȃǻǘ͘¡|D%"?ǘ͘¨̬&Y©̬Q@E˛ŰķŇ
_̞ʫɭDƿĖ115NO2−ȲāľͤDX[ NO2−ɠƪȭ̜́ƃEʖòAŉǃƑ̉Eǁ
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ŝ_˗<9ɺʊpcF»̭Ōřˌɠɺʊǻ(Â©ˌɠ)EōɌƀˑȎǻǹ»ŌřĈˑ
Ɂʺǻ˝űȡ˰ͥĺ(Â©˝űȡ)E¼Ŵ̶ˑȎǻ_Ŧ˾A19(Fig 4.1)-E 2ĺɉF
̓žéĴEȃǻķŇD%"?˗^\9ʍʡƙɞD͂3[¦ǖ˹ǾEŦ˾AC<?%Z
7E¥yF¦ˉDë̀/\?"[9T(Urakawa et al. 2014)ķŇEɝąřơVCB
D="?EɕƛÀ,'šǢ@![¦ǖ˹ǾE¥y&Y®ȃǻEɕƛ_Ș̌3[A
ˌɠF˝űȡEpcAȘ̌1?žŽĻͅȚ̵D="?FŌ(CŶFC"'ȋͦ'ͦ
*žŽĻșȷ'Ê*12Ǯ−ͳǮD&,?Fʇ͔'ˣY\[ˌɠFōɌƀˑȎǻ@
!['˝űȡF¼Ŵ̶ˑȎǻ@!Z©ŰȄɠUɩC[ķŇļFĈˑ'³ơˡˋȃ
ǻķˌɠ'̦ɂơˡˋȃǻķ@![ķŇEąřơD͂3[Ș̌@Fˌɠ@Féʍ
ʡ̵éɈʡ̵ȚȽơǯȏɈʡɆƃ'ʮ2?ͦ"'˝űȡF-\YEǯȏƦɈʡ¤
ʍʡE˓ʇ'éĴɭDˣ?UŭC"ķŇ@![9:1C/N ȘD͂1?FB;YU
18 ʅƃ@!ZŌ(C̤"FˣY\C&<9Q9ˌɠ@FķŇE̱ơą'̠˗1
?%ZķŇ pH'éĴɭDR?U͗ŻDÊ*(¦ǖ˹Ǿ_˗<9éĴ 38ȃǻ¯@ǭUÊ
")ķŇEȚƳòȮ¯E AlɆƃUͦ"'˝űȡFéĴɭDˣ?U˛ŰķŇE pH'
ͦ"ɕƛ_ǯ3[ˌɠEǘ͘ķŇ@F-\Q@Dǘ͘¨̬DȘN?©̬@ȄɔE
ɠˀ'ˊ"-A(Osada et al. 2004)ǘ͘©̬D%"?ķŇ_ľͤ19A(E NH4+V
NO3−˓ʇ̜ƃ'Ō("-A(Tateno et al. 2004) ǘ͘©̬@FȄɔ'ʍʡȻA1?
NO3−_ùɢ1?"[-A(Tateno et al. 2005)'ǡY&DC<?"[-\YEɷˣF
ǘ͘E¨̬&Y©̬D&,?ʍʡƙɞEʦ̉V̜ƃDŉą'![-ANO3−ɠƪ'
ǘ͘E©̬@¨̬DȘN?͠˒Dɠ2[-A_ɿĨ1?"['7EhuD="
?FǡY&D/\?"C"Q9˝űȡEǘ͘ķŇD%"?FʍʡăƦE˲ʣCɺ
ʊF-\Q@˗^\?-C&<9̓žā˖YFˌɠA˝űȡEēǛD%"?ķŇ
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ɝąřơA NH4+ɠƪ¤ȭ̜́ƃNO3−ɠƪ¤ȭ̜́ƃE˧Ǻ_˗"ǘ͘ʜõDȢ<
9ķŇɝąřơEŉąA NH4+NO3−ɠƪ¤ȭ̜́ƃEŉą'![-A_ˣ":19(ā
˖ Ùň˺Ǖ, 2015)-\D="?FÂ©E͚@˲ʣD̕N[ 
 
4.1.2 ɺʊpcEķŇɝąřơNH4+¤NO3−ăƦEɕƛ  
 --@F7\8\Eǘ͘D%,[ķŇEɕơ_ɕƛ>,[9TDā˖Ùň˺Ǖ
(2015)Eŀģ_UADˌɠA˝űȡEȃǻ˛ŰķŇEɝąřơA NH4+ɠƪNO3−
ɠƪ̜ƃEʧǼD="?Ȉ˷3[C%ˌɠ@Fĝ¦Eǘ͘ÉʶD%,[ķŇƿĖ
EʵZ̔1'ŗĹ1C"9TDʩ˪DX[ñɝF˗<?"C"Q4ˌ ɠD%"?
A0Ű010cmķŇAUDpHFȇT?Ê&<9(Fig4.2 (a))ɕD010cmEǘ͘
¨̬@F 4>pHAC[ĺɉUŗĹ1-\FĴîE¿EȃǻķŇ(Urakawa et al. 2014)
AȘ̌1?U͗ŻDÊ"Þ@!ZƊƃḎơą1?"[A"$[Q9ĠȚəF 0
10cmķŇD%"?Fǘ͘©̬(180, 200 m)D%"?¨̬(0, 20, 40m)XZUͦ"Þ'
˦ȸ/\9'ǯȏɔŰD%"?Fǘ͘©̬D"*D=\?Þ'Ê©19((Fig4.2 (b))
˝űȡD%"?pHF A0Ű@ 5.56.2, 010cmķŇ@ 5.26.2DóŸ1(Fig 4.3(a))
éĴEȃǻķŇ(Urakawa et al. 2014)AȘ̌D%"?ͦ"Þ_ɿ19ĠȚəFA0
ŰD%"?Fǘ͘¨̬&YĖ͑DÀ͋19ŉąFɋ&<9'010cmķŇD%"?
Fǘ͘©̬D"*D=\?¨Ǡ19(Fig 4.3(b))Q9A0ŰD%"?éɈʡéʍʡ
ɆƃFÉʶDX[ŉă'Ō(*ǘ͘ǭ¨̬&YĖ͑EŉąDAUC<9¦ŝEãĞ
FˣY\C&<9'(˞̨ 4.1)®ʽEȘə@![C/NȘFǘ͘ǭ¨̬@U<AUͦ*
ǘ͘E¯̬@Ê*©̬@F¯̬XZUͦ*C[ãĞ'RY\9(Fig 4.3 (c))010 cm
ķŇD͂1?FéɈʡéʍʡɆƃDǘ͘¨̬&YĖ͑DX[̤"FRY\C&<
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9'(˞̨ 4.1 )C/NȘDF̤"'RY\ǘ͘ǭ¨̬@U<AUͦ*©̬D&,?
VVÊ©3[ãĞ'RY\9(Fig 4.3(c)) 
 ˌɠE 010cmķŇD%"? NH4+ɠƪ̜ƃFǘ͘©̬D&,?Ņā19(Fig 4.2(c))
Q9NO3−ɠƪ̜ƃD="?F1ĺɉ( 40m )D%"?(^T?Ō(CÞ_1T19
'-\_͇Ŋ3[Aǘ͘E©̬D&,?¨Ǡ19(Fig 4.2(d))˝űȡD%"?F
NH4+ɆƃAɠƪ̜ƃDFǘ͘ʜõ@Eŉą'ˣY\C&<9'(Fig 4.3(d),(f))NO3−
ɆƃAɠƪ̜ƃFǘ͘E©̬@Ņā3[ãĞ_ɿ19(Fig 4.3(e),(g)) 
 -EX#DˌɠA˝űȡ@F NH4+ɆƃAɠƪ̜ƃEãĞDŶɩ'ˣY\9/Y
DNO3ɆƃAɠƪ̜ƃFǘ͘ʜõ@Eãƃ'ŗĹ1919'<?-\YEǘ͘
ķŇD%"?ɼąE¯́ɠƪɔ@![ NO2−EăƦ_ǡY&D3[-A@ȃǻ˛Ű
ķŇD%,[ɼąEhuD="?XZ˲ʣDǡY&D@([Aʼ$Y\9  
 
4.2 Ǜȣ 
4.2.1 ķŇƿĖ 
ˌɠɺʊǻ@Fé̾ 200 mEǘ͘E¨̬&Y©̬D&,?20 m.AD 11ɉ&Y
ǯȏɔŰ(Âͅ A0Ű)A 0−10cmķŇEp££l_˗<9˝ űȡ@F8 m×100 m
E¡|_˭ŝ1ǘ͘Eͦ/ǛĞD 10m %(D 11 ɉȍǛĞDF 2m %(D 5
ɉ&YƿĖ_%-C<9=QZ|rɖD 11×5=55ɉ&YA0ŰA 0−10cmķ
ŇEp££l_˗<9ˌɠEǘ͘@FA0 ŰFǘ͘¨̬EͳɉD1&ƿĖ@(
[̵ŗĹ1C&<9Q9˝űȡ@Fǘ͘E¨̬D"*D=\ A0ŰF˔*CZǭ
¨̬@F A0ŰEƿĖ'@(C&<9ƿĖ19ķŇF 4 mmEK["@K[<9E;
DľͤQ@ 4@×ŗ19 
 78 
 
4.2.2 NO2−ȲāľͤAķŇƳò 
  ʓͲʏD%,[ FMŋǉ­͈EķŇ_ɢ"9Şͥ&YÊ"ȲāɆƃD%"?F
NO2−F̜̒Dȭ́/\̾ǲEľͤFɠƪ¤ȭ̜́ƃE̢Ŭ˯ÓD=C'[Aʼ$Y
\97E9Tľͤǲ́F 30óA 2Ǥ́@˗<9Q9NO2−Ȳā'ķŇ¯Eʍʡ
¡¥D«$[ƍ͙_ǭŬ͆DɦT[9TDʞ 3mg N kg-1EÊɆƃ@Ȳā_˗<9
15NO2−ȲāľͤAƳòE˲ʣFÂ©E̛Z@![ 
 ˌɠɺʊǻD?ƿĖ19ķŇD="?FķŇ 3.5 g_ 50 mLt{|k{¥
DóĖ112 Ǥ́ 25 Dʶ"?üľͤ_˗<97EƔ1mM E Na15NO2ȚȽ
Ȯ_ 0.5 mLȲā125 @ 30óQ9F 2Ǥ́ľͤ192M KOH@ pH_ 12.8D
˹ǔ19 2M KCl 35 mL_Ȳā1ƻA#(200 min-1, 10ó)̥Ɯ(3,000 G, 10ó)_
˗"itʴʬɇʠ (GF/F)@]̢_19ƳòȮFȸŝQ@ 4@×ŗ19Q9
öǲ NO2−ɆƃȸŝɢD15NO2−ȲāE&^ZD̅ʟȚ_ 0.5 mLȲā17EɱƔD
ĝȊEƬȣ@Ƴò_˗<9 
 ˝űȡ@ƿĖ19ķŇD="?FķŇ 3.5 g_ 50 mLt{|k{¥Dó
Ė112Ǥ́ 25 Dʶ"?üľͤ_˗<97EƔ1 mME Na15NO2ȚȽȮ_ 1 mL
Ȳā125@ 30óQ9F 2Ǥ́ľͤ19pH_˹ǔ1?"C" 2M KCl 35 mL_
Ȳā1ƻA#(200 min-1, 10ó)̥Ɯ(3,000 G, 5ó)_˗"itʴʬɇʠ(GF/F)
@]̢_19ƳòȮFȸŝQ@ 4@×ŗ19Q9öǲ NO2−ɆƃȸŝɢDF
2M KOH@ pH_ 12.31D˹ǔ19 2M KCl 35 mL_Ȳā1ƻA#(200 min-1, 10
ó)̥Ɯ(3,000 G, 10ó)1?ƳòȮ_$9 
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4.2.3 Ƚŗɋȏ¤ǯȏƦʍʡEȸŝ 
 NO2−EɆƃ¤ĝÉËȘȸŝFaqcȣ (2.2.1.1)@˗<9Q9˝űȡ˰ͥĺE
15NO2−Ȳāľͤp£D͂1?F˃ʍːȣDX[ NO3−EɆƃ¤ĝÉËȘȸŝ
(3.2.4.1)A̢ɽ̱̱ąDX[ TDN Ɇƃ¤ĝÉËȘȸŝ(3.2.4.2)b¥s£ȣ
A̢ɽ̱̱ąDX[ NH4+EɆƃ¤ĝÉËȘȸŝ(4.2.3.1)_˗"NO2−'BEƌƦMA
ŉǃ/\9E&_ŝ̵ɭDǡY&D19 
 
4.2.3.1 NH4+Eȸŝ 
 b¥s£ȣ(Holmes et al. 1998)_ɢ"?a£dƦʍʡ_Įĕ19E
;7\Y_̱ą1?ɼ̱ƦʍʡDŉ$7\_/YD˃ʍːȣD? N2O Mŉǃ1
ȸŝ_˗<9ȸŝEƬ͛_"&Dɿ3 
 
(1) DiffusionȣDX[ NH4+EĮĕ 
b¥s£ȣFH2SO4ȽȮ_1ȒQ59itʴʬ]ʠ_ȮËF̛/4
șËF̢̛/5[~¡£~¥@ĄRp£ȽȮ¯Dè\[-A@
2NH3+H2SO4→(NH4)2SO4EĔƞDX<? NH4+_ƽ͏3[Ǜȣ@![itʴʬɇ
ʠ(Watman, GF/D, Whatman Int. Ltd., Maidstone, UK; 450℃@ 4hāɐȳR)D 1:20 
H2SO4_ 25µLǽȒQ5~¡£~¥(Sigma-Aldrich, #Z221880)@Ą`:UE
ͪÂƔby¥|kAXLͫ%XJµT˕ĄʠDĄ`@%"9MgO (WAKO, 
135-00285, 450℃@ 4hrāɐȳR) 0.03g_ 20mL ɟDóĖ19ķŇƳòȮ 10mL
Dā$(=*Ȁ_1T1Ǟ́ƻɯ1C'YX*ȱħ/59-ÉDp£ȽȮ
FMgODX<?ahơDCZȽŗ3[ NH4+' NH3itAC<?]ʠ¨Dƽ͏
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/\[¦ǞƔDby¥|kEĖZò1_˗"ĖZò19by¥|kF
̅ʟȚ@ȧȪƔ|kîEby¥_ĖZò1̢ɽ̱̱ąEñɝ_˗<9̢ɽ
̱̱ąD="?F(3.2.4.2)EǛȣDȼ4[9:1ͪ 3.2.4.2 Dͫ%"?˰ǗȽȮ_ 1mL
óȥ3[&^ZDĮĕ19by¥_sÀ(˰ͥʗDè\̅ʟȚ_ 1mLȲā
19 
 
4.2.4 ʩ˪ñɝ 
 ʩ˪ñɝF‘R’(Version 2.10.1 http://www.r-project.org)_ɢ"9 
˝űȡ˰ͥĺD͂1?ƖY\9¥yD="?ǘ͘ǭ¨̬&Ẏ͑'ĝ¦@![ 5
ɉ_ʵZ̔1A1?Ʈ"ǘ͘ÉʶDX[ķŇEɝąřơ%XJʍʡŉǃ̜ƃEȘ̌_
Tukey-KramerȣDX[ŋ̳Ș̌ȅŝͪANOVA with post hoc Tukey-Kramer testsͫ
DX<?˗<9Q9ě̜ƃAɞńˢįAEɲ͂_ǡY&D3[9TDʰƌĮź_
ɢ"9ǯƤȚȼF 5%D?ȅŝ_˗<9 
 
4.3 ʧǼ 
4.3.1 NO2−Ɇƃ (ˌɠͷFig 4.4(a), ˝űȡͷFig 4.5(a)) 
 NO2−ɆƃFB;YEpcD%"?UNH4+ɆƃV NO3−ɆƃAȘ̌1?Ê"Þ_
ɿ19NO2−ɆƃFˌɠɺʊǻD%"?A0Ű@ 0.220.54mg N kg-1010cmķŇ
@ 0.151.67mg N kg-1@!<9˝ űȡ˰ͥĺD%"?FA0Ű@ 0.130.27mg N kg-1
010cmķŇ@ 0.080.18 mg N kg-1@!<9-EX#D NO2−ɆƃFpcVǘ͘É
ʶD¦̀1?͗ŻDÊ"Þ_ɿ19'NO2−ɆƃEóŸDFpc́Vǘ͘EÉʶ@
ŉą'ˣY\9ˌɠɺʊǻD%,[ NO2−ɆƃEǭÊÞF˝űȡ˰ͥĺD%,[Ɇƃ
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EǭŌÞAĝʅƃ@!ZɆƃEǭŌÞEȘ̌@Fˌ ɠEķŇF˝űȡEķŇDȘN
A0ŰD%"? 2Û010cmķŇD%"?ʞ 9ÛɆƃ'ͦ&<9˝űȡE A0Ű0
10cm ķŇEēǛD%"?NO2−ɆƃEǭÊÞFǘ͘ǭ¨̬ǭͦÞFǘ͘ǭ©̬@
˦ȸ/\ǘ͘¨̬&Y©̬D&,? NO2−ɆƃFŅā19ˌɠD%"?Fʩ˪ɭC
÷Ǚ'@(C"'010cmķŇD%"?ǘ͘ǭ¨̬&YĖ͑' 120 mÂ¨Eĺɉ
@F NO2−ɆƃF 0.4 mg N kg-1XZUŌ(CÞ_AZǘ͘©̬@Ɇƃ'ͦ"ãĞF
®pc@¦ˇ19Q9NO2−ɆƃFB;YEpcD%"?U A0Ű@ 0-10cmķ
ŇXZͦ"ãĞD!<9 
 
4.3.2 NO2−ɠƪ¤ȭ̜́ƃAŽĻȿɦǤ́(MRT)  
(ˌɠͷFig 4.4(b)-(d), ˝űȡͷFig 4.5(b)-(d)) 
 NO2−ɠƪ̜ƃ%XJȭ̜́ƃFB;YEpcD%"?U NO2−ɆƃDȘN? 1~2
g¥z¥Ō(CÞ_ɿ19(Fig 4.4 (a)-(c), Fig 4.5 (a)-(c))NO2−ɠƪ̜ƃFˌɠɺʊǻ
D%"?A0Ű@F 10.933.4 mg N kg-1 d-1, 010cmķŇ@F 6.8−117.2 mg N kg-1 d-1
@!<9(Fig 4.4 (b))˝űȡ˰ͥĺ@F A0Ű@2.417.9 mg N kg-1 d-1010cmķ
Ň@ 0.46.5 mg N kg-1 d-1@!<9(Fig 4.5(b))NO2−ȭ̜́ƃF NO2−EȲāDX<?
Ɗ*ƍ͙/\[9TDɞń¯@E̜ƃ_Ĕǣ19ŝ̵ɭCưǄFİ͒@!['(Ͳʏ)
ɢ"9ǷÄD%"?FˌɠɺʊǻE A0Ű@ 22.052.5 mg N kg-1 d-1010cmķŇ
@ 8.5151.9 mg N kg-1 d-1E̜ƃ_ɿ19(Fig 4.4 (c))˝ űȡ˰ͥĺE A0Ű@F 18.5
47.1 mg N kg-1 d-1010cmķŇ@F 4.4−20.8 mg N kg-1 d-1E̜ƃ_ɿ19(Fig. 
4.5(c))NO2−ɆƃAĝȊDNO2−ɠƪ¤ȭ̜́ƃD="?Upc́Vǘ͘EÉʶ@
ŉą'ˣY\7EãĞF NO2−ɆƃD%"?RY\9ãĞA¦ˇ193C^;ˌ
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ɠF˝űȡXZUŌ("̜ƃ_ɿ1B;YEpcD%"?U NO2−ɠƪ̜ƃ%XJ
ȭ̜́ƃFǘ͘¨̬&Y©̬D"*D=\Ņā3[ãĞ'RY\9(Fig. 4.4(b),(c), Fig. 
4.5(b),(c))ķŇEŰÉDX[Ș̌@Fĝ¦Eǘ͘Éʶ@Ș̌19ŁĜB;YEp
cD%"?UȈ1? A0ŰD%"?010cm ķŇXZUŌ(Cɠƪ¤ȭ̜́ƃ_ɿ
17EŶF NO2−ɆƃEķŇŰÉ́EŶAȘ̌1?ǡɶ@!<9(Fig. 4.4(b),(c), Fig. 
4.5(b),(c)) 
 ɛŁķŇ¯ENO2−Ɇƃ_NO2−Eɠƪ̜ƃEÞ@ÿ[-A@ȜQ[NO2−EŽĻȿɦ
Ǥ́(MRT)FNO2−EŝŻɖƦ_Ãŝ19A(DķŇ¯@ NO2−A1?BEʅƃEǤ́
ŗĹ3[&Eƹȋ@![7EÞFˌɠ@F A0Ű@ 0.01Ǟ010cmķŇ@ 0.010.08 
Ǟ(Fig. 4.4(d))˝űȡ@F A0 Ű@ 0.010.06 Ǟ010cm ķŇ@ 0.030.39 Ǟ(Fig. 
4.5(d))@!Z"4\UǓćó ǓǤ́A"#ʙı_ɿ19ǘ͘Éʶ@E̤"D="
?ˌɠE 0-10cmķŇ@Fǘ͘E¯̬@̾"MRT'ʖò/\9'ʩ˪ɭC÷ǙF
@(C"(Fig. 4.4(d))Q9˝űȡD%"?F A0Ű0-10cmķŇAUDǘ͘©̬
@MRTFɸ*C[ãĞ'RY\9(Fig. 4.5(d)) 
 
4.3.3  NH4+, NO2−, NO3−ɠƪȭ̜́ƃ́Eɲ͂˧Ǻ 
 NH4+, NO2−, NO3−ɠƪ¤ȭ̜́ƃ́Eɲ͂˧ǺEʧǼD="?ˌɠEʧǼ_ Table 
4.2D˝űȡEʧǼ_ Table 4.3Dɿ19ˌɠA˝űȡEēǛ@NO2−ɠƪ̜ƃA
NO2−ȭ̜́ƃFƊ"ɲ͂_ǯ19Q9ˌɠA˝űȡEēǛD%"?0-10cmķŇ
@F NO2−ɠƪ̜ƃA NH4+ɠƪ̜ƃFɲ͂_ǯ19'˝űȡE 010cm ķŇ@F7
EãĞFƈ&<9(ˌɠͷR2=0.89, p<0.0001, ˝űȡ : R2=0.15, p<0.01)/YD˝
űȡEA0Ű@FNH4+ɠƪ̜ƃANO2−ɠƪ̜ƃAÉDǯƤCɲ͂͂ÕFRY\C&
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<9ˌ ɠE 0-10cmķŇ@F NO2−ɠƪ̜ƃA NH4+ȭ̜́ƃÉDUǯƤCɲ͂'R
Y\9'˝űȡ@FķŇEŰÉDXY4ǯƤC͂ÕFRY\C&<9˝űȡE 0
10cm ķŇ@F NO2−ɠƪ̜ƃF NO3−ɠƪ̜ƃA=X"ɲ͂͂Õ_ɿ19(R2=0.83, 
p<0.0001 )'ˌɠE 010cmķŇA˝űȡE A0ŰD%"?FǯƤC͂ÕFRY\
C&<9 
 
4.3.4  NH4+, NO2−, NO3−ɠƪ̜ƃ́EȘ 
 ˌɠA˝űȡD%"?(A)NO2−ɠƪ̜ƃA NO2−ȭ̜́ƃEȘ(PNO2/CNO2)
(B)NO2−ɠƪ̜ƃA NH4+ɠƪ̜ƃEȘ(PNO2 / PNH4)(C)NO3−ɠƪ̜ƃA NO2−ɠƪ
̜ƃEȘ(PNO3 / PNO2)_ʖò1ˌ ɠEʧǼD="? Fig. 4.6D˝ űȡEʧǼD=
"? Fig 4.7Dɿ193ʏXZǵɺʊD%"?ȭ̜́ƃFĿ̂(NO2−)ȲāǷÄ@ʖ
ò/\?"[9TD̢Ō˯Ó/\?%ZĿ̂'̢þDŗĹ3[ǷÄ@Eȭ́~£r
_ɿ3Aʼ$Y\9¦Ǜ@NO2−ɠƪ̜ƃFȲāǷÄDŌ(*ƍ͙/\C"A
ʼ$Y\9(3 ʏ)19'<?(A)F NO2−Eȭ́~£rDŦ3[ɞń¯@E
NO2−ɠƪ̜ƃEƹȋA1?ɿ19Q9(B)A(C)F7\8\ɋȏƦʍʡE̱ą̢ʅͷ
NH4+NO2−NO3−EͰȖ͊ɰE̱ąAͱȖ͊ɰE̱ąD%,[(ɠƪɔEɠƪ̜
ƃ)/(Ŀ̂Eɠƪ̜ƃ)_ƤĤ3[3C^;ɠƪ19Ŀ̂E#;BEʅƃEÿĜ'ɼ
ąE¡vtDX<?̱ą/\[&_ɿ3ƹȋA1?ɢ"9(A)NO2−ɠƪ̜ƃ/NO2−
ȭ̜́ƃȘFˌ ɠD%"? A0Ű@ 0.500.66010cmķŇD%"? 0.360.86@!
Z(Fig. 4.6(a))˝űȡ@F A0Ű@ 0.130.41, 010cmķŇ@ 0.090.3EÞ_ɿ19
(Fig. 4.7(a))ˌɠ@F˝űȡXZUͦ"Þ_ɿ1ˌɠ@Fǘ͘ʜõDȢ<9ŉą'
RY\C&<9'˝ űȡ@FŰÉDì̛1?ǘ͘E©̬@Þ'Ō(*C[ãĞ'RY
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\9(Fig. 4.6(a), Fig. 4.7(a))(B) NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘFˌɠE A0Ű@ 1.1
5.80-10cmķŇ@ 1.18.3@!Z(Fig. 4.6(b))˝űȡE A0Ű@ 0.291.5010cm
ķŇ@ 0.171.9@!<9(Fig. 4.7(b))ˌɠ@F˝űȡXZUŌ(CÞ_ɿ1ˌɠ@
Fǘ͘ʜõDȢ<9ŉą'RY\C&<9'˝ űȡ@FŰÉDì̛1?ǘ͘E©̬@
Þ'Ō(*C[ãĞ'RY\9(Fig. 4.6(b), Fig. 4.7(b))(C) NO3−ɠƪ̜ƃ/NO2−ɠƪ
̜ƃȘFˌɠE A0Ű@ 0.110.29010cmķŇ@ 0.031.0@!Z(Fig. 4.6(c))˝
űȡE A0Ű@ 0.170.64010cmķŇ@ 0.120.50@!<9(Fig. 4.7(c))ˌɠD%
"?Fʌò1?ͦ"Þ_ɿ19ĺɉ(010cm, 40m)'!<9'7\_E8*AȈ1?
˝űȡD%"?ˌɠXZUŌ(CÞ_ɿ19Q9ēǛEpcŰÉDì̛1?ǘ
͘ʜõDȢ<9ŉąFRY\C&<9(Fig. 4.6(c), Fig. 4.7(c)) 
 
4.3.5  NO2−ɠƪ̜ƃAķŇɝąřơE͂Õ (ˌɠͷTable. 4.4, ˝űȡͷTable 4.5) 
 ˌɠɺʊǻA˝űȡ˰ͥĺEǘ͘¡|@ƖY\9ķŇEɝąřơA NO2−ɠƪ̜
ƃEȸŝʧǼ_UAD®ʽÉEɲ͂˧Ǻ_ʰƌĮźDXZ˗<9C%ˌɠE
A0 ŰD="?F¥yǓ'ŭC"9T˧Ǻ&Y͇Ŋ19ˌɠD="?FɛŁķŇ¯
E NO2−ɆƃAĠȚə˝ űȡD="?F pHĠȚəéʍʡ(TN)̵éɈʡ(TC)̵
C/N ȘéȽŗǯȏƦʍʡ(DON)Ɇƃͪ010cm ķŇER ͫéȽŗǯȏƦɈʡ(DOC)
Ɇƃͪ 010cmķŇER ͫDOC/DON Șͪ 010cmķŇER ͫɛŁķŇ¯E NH4+, NO2−, 
NO3−ɆƃAE˧Ǻ_˗<9 
 ˌɠA˝űȡEēǛ@ķŇEŰÉDXY4NO2−ɠƪ¤ȭ̜́ƃFɛŁķŇ¯E
NO2−ɆƃAƊ"ɲ͂_ɿ19/YD˝űȡD%"?FɛŁķŇ¯E NO3−ɆƃAU
Ɗ"ɲ͂_ǯ19(ˌɠD%"?Fĝ¦ķŇD="?ɛŁķŇ¯E NO3−Ɇƃ¥y'
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C"9TD˧Ǻ_˗<?"C")Q9ˌ ɠA˝űȡEēǛ@ķŇEŰÉDXY4
NO2−ɠƪ¤ȭ̜́ƃFķŇ¯EĠȚəAǯƤCɲ͂_ɿ19˝űȡD%"?Fǯ
ȏɔŰ@ NO2−ɠƪ¤ȭ̜́ƃAéʍʡ̵(TN)éɈʡ̵(TC)AÉDǯƤCȓEɲ͂
'ȅò/\9Q9010cmķŇ@F NO2−ɠƪ¤ȭ̜́ƃA DOC/DONȘÉDǯ
ƤC˿Eɲ͂ķŇ pHAÉDǯƤCȓEɲ͂'ȅò/\9ɲ͂'ȅò/\9-\
YEįŔFNO2−ɠƪȨơDɱǀɭDƍ͙3[ÂŊDNH4+ȭ́D%,[ NO2−ɠƪ
EɲŦɭCäÉơ_ŉą/5[-A_¾1? NO2−ɠƪȨơ_ú͆3[Ě˂ơ'ʼ$Y
\[7-@ƔʽEĚ˂ơD="?Uȅ˫3[9TD-\YEķŇɝąřơA NO2−
ɠƪ̜ƃ¤NH4+ɠƪ̜ƃEȘD="?ʰƌĮźDX[ɲ͂˧Ǻ_˗<97EʧǼ
A0ŰD%"? NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘAĠȚəéʍʡ̵éɈʡ̵FǯƤC
ɲ͂_ɿ/C&<9Q9010cmķŇD%"?NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘA
ĠȚəFǯƤCɲ͂_ɿ19'7EʅƃF͗ŻDƈ&<9 (R2=0.12, p<0.01)
DOC/DONȘFʰƌĮźD%"?ǯƤCɲ͂'RY\C&<9'NO2−ɠƪ̜ƃ/NH4+
ɠƪ̜ƃȘA DOC/DON ȘF͗ʰƌE͂Õ_ǯ19(Fig. 4.8(a))íËɭDF
DOC/DON Ș' 5 Â©EǷÄ@ NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘ'¨Ǡ3[ãĞ'!<
9DOC/DON ȘF NH4+ɠƪ̜ƃNO2−ɠƪ̜ƃNO3−ɠƪ̜ƃE7\8\AU͗
ʰƌE͂Õ_ɿ1(Fig 4.8(b))DOC/DON Ș' 5Â©EǷÄ@7\8\E̜ƃF¨Ǡ
3[ãĞ_ɿ19Q9NH4+ɠƪ F DOC/DON>5 D%"?UŌ(C̜ƃ_ɿ19
'NO2−ɠƪNO3−ɠƪF DOC/DON>5AC[͜Ľ@FOA`Bɠ2C&<9 
 
4.3.6 ˝űȡEķŇD%,[ NO2−ȭ́ʦ̉Eȅò 
 ˝űȡEķŇD="?15N ȲāƔ 0.5 Ǥ́A 2 Ǥ́EǤɉ@ DON, NO3−, NO2−, 
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NH4+MAŉǃ/\9 15NEÿĜ_A0ŰE="? Fig 4.9D010cmķŇD="?
Fig 4.10Dɿ19-\YEĲD%"?¨ˬEɋȏƦ¤ǯȏƦʍʡA1?Įĕ/\C
&<9 15NF uncollected 15NA1?ˬ̍19uncollected 15NF 2M KCl@FƳò/
\C"ǯȏɔA1?ķŇDȕŗ1?"[&itƦMAŉǃ/\[-A@ķŇ&YŎ^
\9Aǁŝ/\[Ĳ¯EǓÞE˲ʣAǘ͘ʜõ@EǓÞEŉąEȅŝ(ŋ̳Ș̌)ʧ
ǼD="?F˞̨ 4.2 (A),(B)A1?ĕ̻19 
A0 ŰA 010cm ķŇEēǛD%"?NO3−ÂŊD DON MEŉǃA NH4+MEŉǃ'
ȅò/\uncollected 15NU͠˒CÿĜ@ŗĹ19-E#;NH4+MEŉǃFŰÉ¤
ľͤǤ́Dì̛1?ŭC&<9'DON A NO3−MEŉǃFŰÉDX<?ãĞ'-A
CZA0Ű@FľͤǤ́DX<?UãĞ'-AC<9 
 15NO2−ȲāƔ 0.5 Ǥ́ƔEǤɉ@FA0 Ű010cm ķŇAU2030%' NO2−A
1?ȕŗ1?"9'NO2−Eȭ́ʦ̉F A0ŰA 010cm ķŇ@ɩC<9A0Ű@F
27.262.3ͩE 15N'DONMAŉǃ/\NO3−MEŉǃF^4&D1&ɠ2C&<9
Q9NO3−MEŉǃDǘ͘ʜõ@EŉąFRATY\C&<9NH4+MEŉǃFǭŌ
@ 1.5ͩ@!ZNO2−Eȭ́ʦ̉A1?EɲŦɭ̳ˢơFÊ&<9uncollected 15N
F 3.824.7%@!<9010cmķŇD%"?UĝȊD DONMEŉǃ'RY\9'
7EʅƃF A0 ŰAȘ̌1?Ŭ/&<9NO3−MAŉǃ/\9 15N F 16.1-68.4%@!
Z0-10cm ķŇ@F NO2−EȲāƔ̜̒D NO3−'ɠƪ19Ȳā 15N ' NO3−MA
ŉǃ/\[ÿĜEŽĻÞFǘ͘¨&Y©D&,?Ņā19'7EŶFǯƤ@FC&<
9Q9NH4+MEŉǃF0−10cmķŇD%"?U 2.5ͩǳȺDABQZȭ́¡
vtA1?EŢ«FŬ/&<9uncollected 15N EȘəFǘ͘¨@ǘ͘©DȘN?Ō
(*44ͩḌ19 
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 15NO2−ȲāƔͱǤ́EľͤEƔ@FA0ŰD%"?ȕŗ3[ 15NO2−F 1.014.2ͩ
@!ZͶÿʅƃEȲā NO2−F 2Ǥ́Q@Dȭ́/\?"9ŉǃ/\9 15NF°D
NO3−Q9F DON A1?Įĕ/\NO3−MEŉǃFǘ͘©D&,?Ņā3[ãĞ'!
ZDON MEŉǃF-\AF̙Dǘ͘¨̬D&,?¨Ǡ3[ãĞ_ɿ19A0 Ű
Eǘ͘ǭ¨̬@F0.5 Ǥ́EǤɉXZŋ̵E 15N ' DON A1?Įĕ/\NO2−'
DONMAŉǃ/\[Ĕƞ'ľͤǲ́¯D̠˗19-A'ɿĨ/\9¦Ǜ@ǘ͘E
¯̬&Y©̬@F 0.5Ǥ́AȘ̌1? DONA1?E 15NĮĕ̵Fȵŭ1NO3−A1?
E 15N Įĕ̵'Ņā19-E-A&YDON Eȭ́A NO3−EɠƪAE̞͂ơ'ɿ
Ĩ/\9Ş͎D0.5Ǥ́&Y 2Ǥ́D&,?E 15NO3−ɆƃEŉą̵A DO15NEŉ
ą̵DFƊ"ɲ͂͂Õ'RY\ ((30 ó2 Ǥ́D%,[ 15 NO3−ɠƪ̵) = 0.8716 × 
(30ó2Ǥ́D%,[ DO15Nɠƪ̵) + 0.367 R2=0.897, p<0.0001, Fig 4.11(a))DON
A NO3−'OP 1:1 EȘə@ɲ¸Dŉǃ/\[Ĕƞ'ɠ29Ě˂ơ'ɿĨ/\90
10cmķŇD%"?F10.526.9ͩE 15N' NO2−A1?ȕŗ1?%ZNO3−MEŉǃ
Fǘ͘©̬D&,?¨Ǡ3[ãĞ'RY\9Q9DON MEŉǃU 029.7ͩɠ2
NO2−E̳ˢCȭ́ʦ̉@![Ě˂ơ'ɿ/\9uncollected 15N EÿĜF11.6
55.2ͩ@!<9 
 
4.4ʼť 
4.4.1 ȃǻǘ͘E˛ŰķŇD%,[ NO2−Ɇƃɠƪ¤ȭ̜́ƃMRT 
 ǵɺʊE 3ʏD%"?NO2−ɆƃF͗ŻDÊ"UEENO2−ɠƪ̜ƃFŌ(*NO3−
ɠƪ̜ƃ_¨Į[ʅƃDɠ2?"[-A'ɿĨ/\9ǵʏD%,[ʧǼFͲʏEʧǼ
_ǍƸ1B;YEpcD%"?U NO2−ɆƃF¦̀1?Ê&<9'ɠƪ¤ȭ̜́
 88 
ƃF7\XZU 1~2g¥z¥Ō("Þ_ɿ19(Fig. 4.4(a)-(c), Fig. 4.5 (a)-(c))Q9
B;YEpcD%"?UŰÉDXY4NO2−ɆƃF NO2−ɠƪ¤ȭ̜́ƃAƊ"ɲ
͂͂Õ_ɿ19(Table 4.4, Table 4.5)-E-A&YahǷÄ@EƳòD%,[
NO2−ɆƃEÞF NO2−ɠƪ¤ȭ̜́ƃEƹȋA1?ǯɢ@![-A'ɿĨ/\9Q9
NO2−EMRTFǓćó ǓǤ́@![AˣʇUY\9(Fig. 4.4(d), Fig 4.5(d))¦ˉɭ
Dŀģ/\[ NH4+V NO3−EMRTͪĝȊEǛȣ@ʖòͫFǓǤ́&YǓǞ@![-A
'ŋ"(Davidoson et al. 1992, Tokuchi et al. 2000, Hirobe et al. 2003)ĝ¦EķŇD
="?EȘ̌@F˝űȡD%"? NH4+EMRTFA0Ű@ 0.3-3.9Ǟ0-10 cmķ
Ň@ 0.6-2.6Ǟ@!ZNO3−EMRTF A0Ű@ 1.1-9.0Ǟ0-10cmķŇ@ 1.9-38.8Ǟ
@!<9(Kato 2015XZʖò, ˞̨ 4.3)19'<?NH4+, NO3−EMRTAȘ̌3
[ANO2−E MRT F 1ͱg¥z¥ɸ*B;YEpcD%"?U NO2−¥F
NH4+V NO3−¥AȘ̌1?ȨɫDĮ̊3[ɕơ'![Aʼ$Y\9 
 -\YEʧǼ&Y/Q0QCɝąřơ_ǯ3[ķŇD%"?¦ˉɭD NO2−Ɇƃ
FÊ"'NO2−ɠƪ̜ƃFŌ(*NO2−¥EȿɦǤ́F NH4+V NO3−AȘ̌1?
͗ŻDɸ"-A'ǡY&DC<9 
 
4.4.2 ˌɠA˝űȡD%,[ɼąEúƗȏȉE̤" 
4.4.2.1 NH4+&Y NO2−Q@E̱ą̢ʅ 
 ˌɠE 010cmķŇ@Fǘ͘E¨̬&Y©̬D&,? NH4+ɠƪ̜ƃNO2−ɠƪ̜
ƃ'¨Ǡ3[ãĞ'RY\(Fig. 4.2(c), Fig. 4.4(b))NH4+ɠƪ̜ƃA NO2−ɠƪ̜ƃF
Ɗ"ɲ͂͂Õ_ɿ19(Table 4.2)-E-A&YˌɠE 010cmķŇ@F NH4+ɠƪ
A NO2−ɠƪ'̞ă1?ɠ2?%ZNH4+ɠƪF NO2−ɠƪ_ú͆3[ˢį@![-A
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'ɿĨ/\9˝űȡD%"?FNH4+ɠƪ̜ƃ'ǘ͘ʜõDÇ<9ŉą_ɿ/C&
<9¦Ǜ@NO2−ɠƪ̜ƃFǘ͘E¨̬&Y©̬D&,?¨Ǡ3[ãĞ_ɿ19(Fig. 
4.3(c), Fig. 4.5(b))Q9NH4+ɠƪ̜ƃA NO2−ɠƪ̜ƃ́DF 010cmķŇD%"?
ERƈ"ɲ͂͂Õ'RY\9(Table 4.3)-\YE-A&Y˝űȡEķŇD%"?
NH4+ɠƪA NO2−ɠƪFƝ41U̞ă1?ɠ24NH4+ɠƪÂŊEˢį' NO2−ɠƪE
úƗˢįAC<?"[-A'ǁť/\9 
 Q9NO2−ɠƪ̜ƃA NH4+ɠƪ̜ƃEȘFˌɠD%"?Fǘ͘ʜõDȢ<9ãĞ'
RY\C&<9¦Ǜ˝ űȡ@FŰÉDì̛1?ǘ͘©̬D"*D=\?Ņā3[ãĞ
_ɿ19(Fig. 4.6(b), Fig. 4.7(b) )-EȘFɠƪ19 NH4+E#;BEʅƃ' NO2−ɠƪ
DŢ«3[&_ɿ1ʑĜ3[ NH4+ȭ́¡vt(NH4+EĝąCB)DŦ3[ NO2−ɠ
ƪEɲŦɭCäÉơ_Ĕǣ3[Aʼ$Y\[19'<?ˌ ɠ@Fǘ͘E¨©@ NH4+
ȭ́D%,[ NO2−ɠƪEäÉơ'ŉą1C"'˝űȡ@Fǘ͘E©̬@ NH4+ȭ́
D%,[ NO2−ɠƪEäÉơ'ͦQ[Aʼ$Y\9-EX#DNH4+ȭ́D%,[
NO2−ɠƪEäÉơ'ǘ͘ÉʶDX<?ŉą3[-A'NH4+ɠƪ̜ƃA NO2−ɠƪ̜
ƃ'ĝ¦EãĞ_ɿ/C"¦į@![Aʼ$Y\9 
 
4.4.2.2 NO2−&Y NO3−Q@E̱ą̢ʅ 
 pcVķŇŰÉDì̛1?NO2−ɠƪ̜ƃFǘ͘¨̬&Y©̬D&,?¨Ǡ3[
ãĞ'!ZɛŁķŇE NO3−ɆƃAƊ"ɲ͂_ɿ19(Table 4.4, Table 4.5)-\Y
E-A&YNO2−EɠƪFȃǻǘ͘D%,[ NO3−ɠƪ_Ɗ*úƗ1?"[-A'ɿĨ
/\91&1-EÃ˷DĔ1?NO2−ɠƪ̜ƃA NO3−ɠƪ̜ƃEɲ͂˧ǺEʧǼ@
F˝űȡE 0-10cmķŇD%"?ERǯƤCɲ͂'ȅò/\ˌɠE 0-10cmA˝ű
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ȡE A0 Ű@FǯƤCɲ͂Fȅò/\C&<99:1ˌɠE 0-10cm @F NO3−ɠ
ƪ̜ƃ' 40mĺɉ@ʌò1?Ō(CÞ_ɿ1?%Z(Fig 4.2(d))-EȸŝD%"?F
ʵZ̔1'˭ŝ/\?"C"(n=1)9TDɩŻÞEƍ͙_Ō(*ė,?"[Ě˂ơ'ʼ
$Y\9Ş͎D-EÞ_ĖZ͇"9ŁĜ@FNO2−ɠƪ̜ƃA NO3−ɠƪ̜ƃ́DF
ǯƤCɲ͂'ȅò/\9(R2=0.42, p<0.05)19'<?ˌɠD%"?F̜ƃȸŝE
ʵZ̔1_˭ŝ19#$@½Ɣ/YDȅˮ_˗#Ɲˢ'![Aʼ$Y\9C%˝
űȡE A0 ŰD%"?NO2−ɠƪ̜ƃA NO3−ɠƪ̜ƃEɲ͂'RY\C"¦Ǜ@
NO2−ɠƪ̜ƃA NO3−ɆƃAEɲ͂'RY\9ɝɣD="?F 4.4.4D?ʼť_˗# 
 
4.4.3 NO2−ɠƪ̜ƃEúƗˢį(ķŇɝąřơ) 
 ˝űȡD%"?FNH4+ɠƪD NO2−ɠƪ'úƗ/\4¿EˢįDX<? NO2−ɠ
ƪ'úƗ/\[Ě˂ơ'ɿĨ/\97-@NO2−ɠƪ̜ƃEúƗȏȉ_ǡY&D3
[9TDNO2−ɠƪ̜ƃAɞńˢįAEɲ͂˧Ǻ_˗<9NO2−ɠƪ̜ƃAķŇɝą
řơEɲ͂˧ǺEʧǼ&YA0ŰD%"?FĠȚəéʍʡ̵éɈʡ̵'010cm
ķŇD%"?FĠȚəDOC/DONȘpH' NO2−ɠƪ̜ƃAǯƤCɲ͂_ɿ1NO2−
ɠƪ̜ƃ_úƗ3[ˢį@![Ě˂ơ'ɿĨ/\9(Table 4.5)-\YEįŔ'BEX
#D NO2−ɠƪ̜ƃ_úƗ3[&_ǡY&D3[9TDNO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃ
ȘAɞńˢįAEɲ͂_˧Ǻ19A-]A0ŰEĠȚəéʍʡ̵éɈʡ̵010cm
ķŇE pH F NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘAǯƤCɲ͂_ɿ/C&<9Q90
10cm ķŇD%"?ĠȚəF NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘAǯƤCɲ͂_ɿ19'
(R2=0.12, p<0.01)7EʅƃF NO2−ɠƪ̜ƃAĠȚəEɲ͂(R2=0.68, p<0.0001)AȘ
̌3[Aƈ&<9-\YE-A&YA0 ŰD%"?FĠȚəéʍʡ̵éɈʡ̵
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'Q9 010cmķŇD%"?F pHĠȚə'NO2−ɠƪȨơDɱǀƍ͙_«$[-
A@ NO2−ɠƪ̜ƃ_úƗ3[Ě˂ơ'ɿĨ/\9 
 ¦Ǜ@ 010cm ķŇD%"?DON/DOC ȘF NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘA͗
ʰƌE͂Õ_ǯ1NH4+ȭ́D%,[ NO2−ɠƪEɲŦɭCäÉơ_ŉą/5[-A_
¾1? NO2−ɠƪ̜ƃDÍɢ3[Aʼ$Y\9-Eɛ˾_˷ǡ3[9TDQ4ķ
Ň¯EɈʡ¤ʍʡEȘə'ɋȏƦʍʡŉǃ̜ƃDƍ͙_ĒP3ɝ˺ɭCˁǦD="?̕
N[ķŇEéɈʡ¤éʍʡEȘ3C^; C/N ȘFɋȏƦʍʡEĚʨơ_ˤŝ3[
ˢįA1?¦ˉɭDɢ"Y\[ƹȋ@![ƚɠɔ'C/NȘ'ͦ"Ŀ̂_ɢ"[ŁĜ
ƚɠɔËDƝˢCɈʡDŦ1?ʍʡ'ɲŦɭDª̆3[9TɋȏąXZUªăą'ä
æ/\[Aʼ$Y$[9A$GÃDƚɠɔËE C/N Ș' 10 @!Zġĕ19 C
ȻE 50ͩ_ĥġDXZÁ˻3[ŁĜC/NȘ' 20Â¨EķŇ@FɈʡDŦ1?ʍʡ'
ª̆1ʍʡú͆EɖƦD![Aʼ$Y\[19'<?C/NȘ'ͦ"ǷÄ@Fƕů
ǿͤƚɠɔEʍʡˢȜ̵'ŋ*NH4+ɠƪ̜ƃ'Ŭ/"-A'ƣŝ/\[Q9ɠ
ƪ/\9 NH4+Fªăą/\V3*ɠƪ/\9 NH4+E#; NO2−ɠƪMAÑ/\[ÿ
ĜFÊ"Aƣŝ/\[/YDNH4+NO2−_ƴ#a£a̱ąʣːVa£a
̱ąęʣːFɗʎǿͤơ@!ZɈʡ'ʍʡDŦ1?ª̆19ǷÄ@UɈʡú͆_ė,
[-AC* NH4+_ùɢ3[-A'Ě˂@![19'<?C/NȘ'Ê"ǷÄ@FɈ
ʡDÒŗ3[ƕůǿͤʣːE NH4+ùɢDŦ1?a£a̱ąƚɠɔDX[ NH4+ù
ɢEäÉơ'ͦQZɠƪ/\9 NH4+' NO2−ɠƪDÑ/\[ÿĜFͦ*C[-A'
µƣ/\[-EX#DķŇ¯EɈʡAʍʡEȘEŅȵDX<?ƚɠɔEÁ˻'ʍʡ
ú͆Q9Ɉʡú͆MAôZǬ^[-A'µƣ/\ɋȏąA7\Dʫ*ɼą̢ʅFĿ̂
EɈʡAʍʡEȘDX<?ú͆/\[Aʼ$Y\[ǵɺʊ@FĿ̂EɈʡAʍʡEȘ
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_!Y^3ƹȋA1? DOC/DONȘ_ɢ"9DOC/DONȘA NH4+ɠƪ̜ƃ¤NO2−
ɠƪ̜ƃ¤NO3−ɠƪ̜ƃ%XJ NO2−ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘÉDF͗ʰƌE͂Õ
'RY\DOC/DON ȘA̜ƃ́E͂ÕF¨̕19µƣA¦ˇ19íËɭDF
DOC/DON '̓Þ(DOC/DON=5)Â©@ɋȏƦʍʡ(NH4+, NO2−, NO3− )ɠƪ̜ƃ'¨
Ǡ3[ãĞ_ɿ1DOC/DON>5 EǷÄ@FƕůǿͤƚɠɔDX[ʍʡEˢȜ'Ō(
"9TDʍʡEɋȏą(NH4+ɠƪ)A7EƔEɼą'Ʊú/\[A˧̲/\9Q9
5<DOC/DON<8E͜Ľ@UNH4+ɠƪFɠ29'NO2−ɠƪFɠ24(Fig 4.8(b))NO2−
ɠƪ̜ƃ/NH4+ɠƪ̜ƃȘFÊ"Þ@ǁʃ19(Fig 4.8(a))-A&Y-E͜ĽD%"?
Fìŗ3[ NH4+ȭ́¡vtDŦ3[ NO2−ɠƪ¡vtEäÉơFÊ*ɠƪ/\
9 NH4+E#; NO2−ɠƪMAÑ/\[ÿĜFÊ"-A'ɿĨ/\9DOC/DON<5E
͜ĽD%"?FDOC/DONȘEȵŭDAUC<?NO2−ɠƪ̜ƃ/ NH4+ɠƪ̜ƃȘ'¨
Ǡ1Ɉʡú͆EǷÄDʃ˗3[D=\NH4+ȭ́¡vtDŦ3[ NO2−ɠƪ¡v
tEäÉơ'ͦQ[Aʼ$Y\9 
 C%ǵɺʊ@F C/N ȘAɋȏƦʍʡɠƪ̜ƃ́E͂ÕFǡɶ@FC&<9'¨
̕19X#D DOC/DON ȘAE͂ÕFǡɶ@!<9ķŇ¯E3N?EɈʡ¤ʍʡE
#;ƚɠɔ'ùɢ@([ɔ̂F.*¦̬@!ZȽŗƦ@![ DOCV DONFéʍ
ʡ̵VéɈʡ̵AȘ̌1?ƚɠɔMEĚʨơ_XZĔǣ19ƹȋ@![Aʼ$Y\[
7E9TC/N ȘD&^ZDON/DOC Ș_ɢ"[-A@Ɉʡ¤ʍʡú͆AɋȏƦ
ʍʡăƦAE͂Õ_ǡɾD3[-A'@(9Aʼ$Y\9 
 
4.4.4 ˝űȡD%,[ NO2−Eȭ́ʦ̉ 
 ˝űȡEķŇ_U;"NO2−A1?Ȳā19 15N 'BEX#CƌƦMAŉǃ/\[
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&_̖̈19ʧǼ&YNO3−ÂŊD DON MEŉǃ'͠˒Dɠ2Įĕ@(C" 15N
Uŋ̵DŗĹ3[-A'ɿ/\9Q9NH4+MEŉǃF^4&D1&ɠ2C&<9 
(Fig 4.9, Fig. 4.10)-\YE-A&Y(1) NO3−MEŉǃ(2)DONMEŉǃ(3) KCl
ƳòD%"?ªȽơEķŇǯȏɔQ9FitƦʍʡMEŉǃE 3=Eʦ̉' NO2−E
ȭ́¡vtA1?̳ˢ@![Aǁť/\9 
 NO3−MEŉǃF 15NȲāƔ 2Ǥ́EǤɉ@FA0Ű@U 0-10cmķŇ@UĝȊEã
Ğ_ɿ1Ȳā 15N ' 15NO3−A1?ŗĹ3[ÿĜFǘ͘E©̬@¨Ǡ19-\Fǘ
͘ʜõD%"?RY\[ NO3−ɠƪ̜ƃVɛŁķŇE NO3−ɆƃEóŸAĝȊEãĞ@
!Z̜ƃ˧ǺEʧǼ%XJɛŁķŇEɝąřơE˧ǺʧǼAǔĜɭ@!<9 
 ¦Ǜ@15NȲāƔ 0.5Ǥ́EǤɉ@F A0ŰA 0-10cmķŇ@Ō(*ãĞ'ɩCZ
A0Ű@F 15 NO3−EɠƪFOA`Bɠ2C&<9'0-10cmķŇ@FȲā19 15N'
°D 15 NO3−A1?ŗĹ1?"9-E-A&YFQ40.5Ǥ́Q@D A0Ű@ɠƪ
19 15 NO3−F̜̒D¿EƌƦMAŉǃ/\NO3−A1?˓ʇ1C&<9Ě˂ơ'ʼ$
Y\9-EŁĜ0.5 Ǥ́EǤɉ@ A0 ŰD%"? 15N F°D DON A1?ŗĹ19
9TNO3−Eȭ́¡vtA1? DONMEŉǃ'̳ˢ@![Ě˂ơ'![/YD
0.5 Ǥ́&Y 2 Ǥ́D&,?15DON A 15NO3−FŅȵ1®ʽEŅā̵Q9Fȵŭ̵
FOP 1:1Eɱʰ͂Õ_ɿ19(Fig 4.11(a))-A&YDONA NO3−Eɲ¸Íɢ(Ž˚)
EʧǼA1?ǘ͘ʜõ@RY\[ NO3−ɆƃEóŸ'̣ƪ/\[Ě˂ơ'ɿĨ/\9
Q90-10cmķŇD%"?F 0.5Ǥ́&Y 2Ǥ́D&,? 15NO3−'ȵŭ1DO15N'
Ņā3[ãĞ'ǘ͘ʜõD¦̀1?ˣY\9/YD0.5Ǥ́&Y 2Ǥ́Eǲ́D%
,[15DON Eŉą̵A 15NO3−Eŉą̵FA0 Ű@E͂ÕOBǡɾ@FC"UEE
ɱʰ͂Õ_ɿ19(Fig. 4.11(b) )-\YE-A&Y0-10cmķŇ@UĝȊD DONA
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NO3−Eɲ¸ÍɢFŗĹ3['A0ŰAȘ̌1?NO3−EDONMEŉǃ̜ƃ'Ŭ/*
7EʧǼA1?ɠƪ19 15NO3−'ȕŗ1?"[Ě˂ơ'ɿĨ/\9 
Q9¿EÃ˷A1?A0ŰA 0-10cmķŇ@F NO2−ȭ́¡vt́EɲŦɭC̜ƃ
'ɩC[Ě˂ơ'ʼ$Y\93C^;A0 Ű@F NO2−E NO3−MEŉǃDŦ1?
DONMEŉǃ'äæ1?ɠ20-10cmķŇ@F DONMEŉǃ' NO3−MEŉǃDŦ
1?äæ1?ɠ29Ě˂ơ@![-EŁĜFA0 ŰD%"? 0.5 Ǥ́Q@D NO2−
E DONMEŉǃ'̜̒Dɠ20.5-2Ǥ́D&,? DONE NO3−MEŉǃ'ɠ29A
˧̲@([1&1-\F NO3−ɠƪ̜ƃ' A0 ŰD%"? 0-10cm ķŇXZUŌ(
"A3[̜ƃ˧ǺEʧǼ(Fig. 4.3(g))AFǔĜɭ@FC"ǵɺʊEîš&YFB;
Y&EÃ˷_ƿɢ3[-AF@(C"'"4\EÃ˷U DON A NO3−Eɲ¸Íɢ'
̳ˢ@![-A_ɿĨ1½ƔEɺʊD%"?-EĔƞE̳ˢơAhu_/YD
ȅ˫3[Ɲˢ'![Aʼ$Y\9 
 A-]@A0 ŰD%"?F NO2−ɠƪ̜ƃA NO3−ɆƃEɲ͂͂Õ'ˣY\9¦Ǜ
NO2−ɠƪ̜ƃA NO3-ɠƪ̜ƃEɲ͂͂Õ'RY\C&<9(4.4.2.2.)-Eɛ˾F
NO2−Eȭ́ʦ̉_ ¥t19ʧǼ&YɿĨ/\9X#DNO2−!["F NO3−A
DONEĔƞ' A0Ű@ER͠˒Dɠ29-ADX[&U1\C"9A$GNO2−Â
ŊDDON&Y NO3−'ɠƪ3[ŁĜNO2−ɠƪ̜ƃA NO3−ɠƪ̜ƃEãĞEª¦ˇ
_ɠRò3ĎįDC[Aʼ$Y\[9:1DONA NO3−EŉǃĔƞF NO2−_¾1
?ɠ2[Aʼ$Y\?%Z(Davidson et al. 2003)Ş͎D-EX#CĔƞ'ɠ2#[&
D="?F½ƔƧ̳Cȅˮ'Ɲˢ@![ 
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4.5 ʧ˺ 
 /Q0QCơ̂EķŇDì̛1? NO2–ɆƃFÊ"UEENO2–EɠƪVȭ̜́ƃF
ɆƃXZ 1~2 g¥z¥Ō("Þ_ɿ1ȨɫCɠƪAȭ́'ɠ2?"[-A'ɿĨ/
\9pcVķŇEŰÉDXY4ahƳòǷÄ_˗<9ŁĜEɛŁķŇE NO2–
ɆƃF NO2–ɠƪ¤ȭ̜́ƃAƊ"ɲ͂_U;NO2–¡¥EƹȋA1?ǯɢ@![A
ʼ$Y\9Q9pcVķŇEŰÉDXY4ɛŁķŇE NO3–ɆƃA NO2–ɠƪ¤
ȭ̜́ƃFƊ"ɲ͂_U;NO2–ɠƪ̜ƃFȃǻ˛ŰķŇE NO3–ɆƃóŸ_úƗ3[
̳ˢCˢį@![Ě˂ơ'ɿĨ/\9 
 pcVŰÉD͂^Y4NO2–ɠƪ̜ƃAȭ̜́ƃFƊ"ɲ͂_U;NO2–ȭ́F
NO2–ɠƪDÒŗ1?ɠ2[-A'ɿĨ/\9ˌɠD%"?FNO3–ɠƪ̜ƃEIA
=EȸŝÞ(Fig 4.2(d), 40m)_E8"9ŁĜNH4+ɠƪ̜ƃA NO2–ɠƪ̜ƃNO2–
ɠƪ̜ƃA NO3–ɠƪ̜ƃÉDFɲ͂͂Õ'RY\97E9Tˌɠ@Fɼą¡
vtEúƗ_ʼ$[#$@NH4+ɠƪEȖ͊'̳ˢ@![Aʼ$Y\[9:1ˌ
ɠ@FķŇƿĖEʵZ̔1_˭ŝ1?"C"9T-E͂Õơ_ɾ˳3[9TDF½Ɣ
/YD̳ɉɭCɺʊ_˗#Ɲˢ'![Aʼ$Y\[¦Ǜ@˝ űȡD%"?FNH4+
ɠƪ̜ƃA NO2–ɠƪ̜ƃEǘ͘ʜõ@EóŸF¦ˇ54ɲ͂'RY\C&<9
NO2–ɠƪ̜ƃFɛŁķŇE NO3–ɆƃAƊ"ɲ͂_ɿ19-A&YķŇ¯E NO3–Ɇ
ƃ_n£¡¥3[ˢį_ʼ$[#$@FNO2–ɠƪ_úƗ3[ɞńˢį_ǡY&
D3[-A'̳ˢ@![Aʼ$Y\9NO2–ɠƪFķŇŰÉDXY4ĠȚəAƊ"
ɲ͂_U;ĠȚə' NO2–ɠƪȨơ_úƗ3[̳ˢCˢį@![Ě˂ơ'ɿĨ/\9
Q9A0Ű@F TC, TN0-10cmķŇ@F DOC/DONȘU NO2–ɠƪ̜ƃAɲ͂_U
;7E#; DOC/DONȘF NH4+ùɢEʑĜ͂ÕD͗ʰƌEƍ͙_%XP3-A@
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NO2–ɠƪ_úƗ3[-A'ɿĨ/\9NO2–ɠƪ̜ƃA NO2–ɆƃEƊ"ɲ͂'ȅò
/\9¦Ǜ@˝ űȡE A0ŰD%"?F NO2–ɠƪ̜ƃA NO3–ɠƪ̜ƃEɲ͂͂ÕF
ȅò/\C&<9˝űȡE 0-10cmķŇA A0ŰD%,[ŶɩFȲā 15NEŉǃ_
 ¥t19ʧǼ&YDONAEĔƞơE̤"D̄į3[Ě˂ơ'ɿĨ/\93C^
;0-10cm ķŇ@F NO2–Q9F NO3–' DON MAŉǃ/\[̜ƃ'̡"¦ǛA0
Ű@F7E̜ƃ'ǟ"-A'ɿĨ/\9-E DONAEɲ¸Íɢ_ʦ9ʧǼ15 NO2–
ȲāƔ 2Ǥ́EǤɉ@ A0ŰD%,[ 15NO2–EŗĹ̵Fǘ͘©̬D&,?Ņā1Ş͎
Dǘ͘D%"?RY\[ɆƃóŸ_ïɛ19-E-A&YA0ŰD%,[ NO3–Eɠ
ƪ¡vtV NO3–ɆƃEúƗhuF 0-10cm AFɩC[Ě˂ơ'![-\Q
@¦ˉɭDNO2–' DON MAŉǃ/\[ɛ˾Fƹǈ/\?(9'(Bremmer 1957, 
Bremmer and Fuhr 1966, Thorn and Mikita 2001, Davidson et al. 2003)NO3–'ɱ
ǀɭD DONMAŉǃ/\[A"#ŀģF˒ʽEɷ[͆Z@FŗĹ1C"ǵɺʊD&
YɿĨ/\9 NO2–!["F NO3– E DO15N AEĔƞ'BEX#ChuDX[
E&D="?F½Ɣ/YDȅˮ'Ɲˢ@![ 
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Fig 4.2 ķŇEɝąřơA NH4+, NO3ɠƪ̜ƃ(ˌɠ, n=1) 
(a) ķŇ pH  (b) ĠȚə (c)NH4+ɠƪ̜ƃ (d)NO3ɠƪ̜ƃ 
¥yFā˖Ùň˺Ǖ(2014žƃ)XZƇɢ 
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Fig 4.3 ķŇEɝąřơA NH4+, NO3
ɠƪ̜ƃ (˝űȡ, n=5) 
(a) ķŇ pH  (b) ĠȚə (c)C/N Ș
(d) NH4+Ɇƃ (e) NO3Ɇƃ (f)NH4+ɠ
ƪ̜ƃ (g)NO3ɠƪ̜ƃ 
¥yFā˖Ùň˺Ǖ(2014žƃ)XZƇɢ 
ˍǓŖFŋ̳Ș̌ȅŝDX[ǯƤŶ_˛3 
ÞFŽĻÞf¥¥Fȋȼ˶Ŷ_ɿ3 
 
(a) (b) 
(c) (d) 
(e) (f) 
(g) 
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Fig 4.4  NO2Ɇƃ¤ŉǃ̜ƃ¤ȿɦǤ́EʧǼ (ˌɠ, n=1) 
(a) NO2Ɇƃ  (b) NO2ɠƪ̜ƃ (c) NO2ȭ̜́ƃ (d) NO2ŽĻȿɦǤ́ 
 
 
(a) (b) 
(c) (d) 
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Fig 4.5  NO2Ɇƃ¤ŉǃ̜ƃ¤ȿɦǤ́EʧǼ (˝űȡ n=5) 
(a) NO2Ɇƃ  (b) NO2ɠƪ̜ƃ (c) NO2ȭ̜́ƃ (d) NO2ŽĻȿɦǤ́ 
ˍǓŖFŋ̳Ș̌ȅŝDX[ǯƤŶ_˛3 
ÞFŽĻÞf¥¥Fȋȼ˶Ŷ_ɿ3 
 
(a) (b) 
(c) (d) 
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Table 4.2 Relation between NO2– transformation rates in Ashiu soils 
    R R2    n 
0-10cm soil NO2- production vs. NO2
–   consumption rate 0.99  0.99  10 
   NH4+ production rate 0.94  0.89  10 
   NH4+ consumption rate 0.88  0.77   10 
Simple regression analysis was used to investigate the relationships.  
p<0.0001,**p<0.001,*p<0.01 
Table 4.3 Relation between NO2– transformation rates in Fukuroyama soils  
    R R2   p 
A0 NO2– production rate vs. NO2
–  consumption rate 0.95  0.90  
     
0-10 cm NO2– production rate vs. NO2
–  consumption rate 0.96  0.93  
   NO3–   production rate 0.91  0.83  
   NH4+ production rate 0.39  0.15  
   NO3–  consumption rate 0.37  0.14  
     
0-10cm soil NO2– consumption rate vs. NO3
–   production rate 0.89  0.79  
   NO3–  consumption rate 0.42  0.17  
   NH4+ production rate 0.40  0.16  
Simple regression analysis was used to investigate the relationships.  
p<0.0001,**p<0.001,*p<0.01 
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Fig 4.6  ɋȏƦʍʡŉǃ̜ƃ́EȘ (ˌɠ, n=1) 
(a) NO2ɠƪ/ NO2ȭ́  (b) NO2ɠƪ/ NH4+ɠƪ (c) NO3ɠƪ/ NO2ɠƪ  
 
(a) 
(b) 
(c) 
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Fig 4.7  ɋȏƦʍʡŉǃ̜ƃ́EȘ (˝űȡ, n=5) 
(a) NO2ɠƪ/ NO2ȭ́  (b) NO2ɠƪ/ NH4+ɠƪ (c) NO3ɠƪ/ NO2ɠƪ 
 ˍǓŖFŋ̳Ș̌ȅŝDX[ǯƤŶ_˛3 
ÞFŽĻÞf¥¥Fȋȼ˶Ŷ_ɿ3 
(a) 
(b) 
(c) 
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Table 4.4 Relation between NO2– transformation rates and environmental factors in Ashiu soils 
    R R2   p n 
0-10cm soil NO2- production rate vs. NO2
–   pool size (Initial) 0.94  0.89  10 
   water content 0.75  0.57   10 
 NO2- consumption rate vs. NO2
–   pool size (Initial) 0.91  0.83  10 
   water content 0.77  0.59   10 
Simple regression analysis was used to investigate the relationships.  
p<0.0001,**p<0.001,*p<0.01 
Table 4.5 Relation  between NO2– transformation rates environmental factors in Fukuroyama soils 
     R R2   p n 
A0 NO2– production rate vs. NO2
-   pool size (Initial) 0.88  0.77  49 
   NO3-   pool size (Initial) 0.80  0.65  49 
   water content 0.55  0.30  49 
   Total N 0.48  0.23   49 
   Total C 0.41  0.16   49 
      
 NO2– consumption rate vs. NO2
-   pool size (Initial) 0.92  0.85  48 
   NO3-   pool size (Initial) 0.78  0.61  48 
   water content 0.72  0.52  48 
   Total N 0.51  0.26   48 
   Total C 0.47  0.22   48 
0-10cm soil NO2– production rate vs. NO2
-   pool size (Initial) 0.88  0.77  50 
   NO3-   pool size (Initial) 0.80  0.63  54 
   water content 0.82  0.68  55 
   DOC/DON -0.46  0.21   54 
   pH 0.36  0.13   55 
      
 NO2– consumption rate vs. NO2
-   pool size (Initial) 0.88  0.78  50 
   NO3-   pool size (Initial) 0.79  0.62  54 
   water content 0.86  0.68  55 
   DOC/DON -0.48  0.23   54 
   pH 0.36  0.13   55 
Simple regression analysis was used to investigate the relationships.  
p<0.0001,**p<0.001,*p<0.01 
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Fig 4.8 DOC/DONȘDX[ɋȏƦʍʡɠƪ̜ƃEúƗ (˝űȡ 010 cmķŇ)  
(a) NO2ɠƪ/ NH4+ɠƪȘA DOC/DONȘE͂Õ 
 (b) ɋȏƦʍʡɠƪ̜ƃA DOC/DONȘE͂Õ 
 
 
(a) 
(b) 
 107 
 
Fig. 4.9  A0ŰD%,[ 15NO3, 15NO2, 15NH4+ DO15NA1?E 15NĮĕə 
 (˝űȡ) 
(a) 0.5Ǥ́ (b) 2Ǥ́ 
ě¥F n=5EŽĻÞ_ɿ3 
 
Fig. 4.10  0-10cmķŇD%,[ 15NO3, 15NO2, 15NH4+ DO15NA1?E 15NĮĕə  
(˝űȡ) 
(a) 0.5Ǥ́ (b) 2Ǥ́ 
ě¥F n=5EŽĻÞ_ɿ3 
 
(a) (b) 
(c) (d) 
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Fig. 4.11  0.52Ǥ́Eǲ́D%,[ 15NO3A DO15N Eŉą̵E͂Õ 
(˝űȡ) 
(a) A0Ű (b) 0-10cmķŇ  
 
 
(a) 
(b) 
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 1ʏ@F-\Q@Eȃǻ˛ŰķŇ@ʼ$Y\?(9ʍʡƙɞ_Ȉ˷1NO2D͂3
[ɷˣEª̆A7E̳ˢơ_ƹǈ19NO2EƺăFɛĹEA-]ķŇ¯@OA
`Bʼƨ/\?"C"'Ş͎DF7EąřɭCĔƞơEͦ/W$DǯȏɔAEĔƞ
VąřɭDUitƦMAŉǃ/\[-A'ɷY\?"[7E9Tǵɺʊ@F(1) 
NO2−ɠƪ¤ȭ̜́ƃ'/Q0QCơ̂EȃǻķŇ@BEX#CÞ_ɿ3E&_ǡY&
D3[-A(2) NO2−F/Q0QCơ̂EȃǻķŇ@BEX#Cʦ̉DX<?ȭ́/\
[E&_ǡY&D3[-A(3) NO2−ɠƪ¤ȭ̜́ƃ'BEX#CɞńˢįAɲ͂_ǯ
3[&3C^;ȃǻķŇ¯@BEX#Cˢį' NO2−ăƦ_úƗ1#[E&_ǡY
&D3[-A_ɰɭD˗<9 
 
 Q4ͱʏ@F15NO2ȲāǷÄ@ NO2Eɠƪ¤ȭ̜́ƃEȸŝ'Ě˂CǷÄAQ
9ɞń¯EÊɆƃE NO2Eȸŝ'Ě˂CǷÄEȟŝ_˗<9Q4NO2_ N2O
MAŉǃ3[Ƭȣ@![aqcȣ_ķŇEahƳòȮEȸŝD̦ɢ3[9TD
˰Ǘ pH'aqcĔƞEŉǃĂəDƍ͙3[&B#&Eȅ˫_˗<9ȑDah
ǷÄDXZƳò/\[ǯȏɔCBķŇƳòȮ¯Eìŗ3[ɔ̂' pH ǷÄQ9
aqcĔƞEĂəDƍ͙1C"&_ɾ˳197EE;DķŇEƳòǷÄ'ķŇ¯
DUAUAŗĹ3[ÊɆƃE¹ɼ̱EĮĕDĒP3ƍ͙A15NO2_Ȳā19ǷÄ@
Ȳā NO2EĮĕDĒP3ƍ͙_aqcȣ_ɢ"?˯Ó19-\YEʧǼ&Y
Q4NO2_Ȳā1?"C"ķŇ&YUAUAķŇ¯DŗĹ3[ NO2_Įĕ3[͎
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DF pH_ahơD˹ǔ19 2M KCl@Ƴò3[Ɲˢơ'ɿĨ/\9-\FƳ
òǤE pH DÒŗ1?ķŇ NO2Ɇƃ'¨Ǡ19-ADX['-E pH ¨ǠDAUC
<9 NO2ɆƃE¨ǠFƳò¯E NO2EŚŝơ'ͦQ[-AÂŊDNO2ÂŊEƌ
ƦA1?ŗĹ1?"[ʍʡE NO2MEŉǃ'Ņā3[Ě˂ơUʼ$Y\91&1
ahƳò_˗^4̛ŻEƳòȣ3C^; pH ǳ˹ǔE KCl DX[Ƴò_˗<
9ŁĜFNO2Fȅò/\C&<9-A&YÂƔEŞͥ@Fɞń¯E NO2Ɇƃ_˯
Ó3[͎DahǷÄ@EƳò_ƿɢ19-EahƳòDX<?Įĕ/\[
NO2Ɇƃ'BEX#CƹȋDCZ#[&F4ʏD%"?ʼť_˗<9/Q0QCơ
̂EķŇD%"?ȸŝ19 NO2ɠƪ̜ƃA NO2ɆƃF=X"ȓEɲ͂͂Õ'!<9
-A&YahƳòDX[ NO2ɆƃFķŇ¯E NO2EăƦ_˛3ƹȋA1?
ǯɢ@![Aʼ$Y\9 
  
 2ʏD%"?15NO2ȲāǷÄ©@FȲā 15NEĮĕəAķŇƳòȮ pHE͂Õ
&YƳò¯E pHǷÄ' 15NEĮĕD«$[ƍ͙FŭC"Aʼ$Y\99TͲʏD
?Ş͎DķŇD 15NO2_Ȳā¤ľͤ1?ķŇEƳòǷÄ.ADʖò/\9̜ƃEȘ̌
_%-C<97EʧǼahƳòA̛ŻEƳòD%,[15NO2EĮĕəFOP
¦ˇ1̛ŻEƳòȣ@F6 mg N kg-1&Y 150 mg N kg-1Eżƀ"ȲāɆƃD%"
?ahƳòEʞ 95ͩEĂə@ 15N _Įĕ@([-A'ɿ/\9Q9Ş͎D
®ǛEƳòȣ_ɢ"?ˣʇUY\9̜ƃEÞFOP¦ˇ19-\YE-A&YķŇ
D 15NO2_Ȳā¤ľͤ1? NO2ɠƪ¤ȭ̜́ƃ_ʖò3[͎DF̛ŻEƳòȣ_ɢ
"[-A'Ě˂@![Aʼ$Y\9 
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 3 ʏD%"?FŞ͎DȃǻķŇ¯D 15NO2_Ȳāľͤ1̜ƃEʖò_˗<915N
Ź̲ȣ_ɢ"? NO2ɠƪȭ̜́ƃEʖò_%-C#DF¿EɋȏƦʍʡAȘ̌1?
ɸǲEľͤ_˗#Ɲˢ'![-A_ǡY&D1-EǷÄ@̜ƃEʖò_˗<9Q9
NO2−ɠƪ̜ƃFȲāɆƃDXY4OP¦ŝEÞ_ɿ1NO2−'ÊɆƃ@1&ŗĹ1C
"ɞń¯@!<?UȨɫC NO2−ɠƪ'ɠ2?"[-A'ǁť/\9/YDȲā 15N
'ŉǃ/\[ɔ̂_ ¥t3[-A@NO2Eȭ́ʦ̉EɲŦɭC̳ˢơ_ǡY&
D3[-A_˰R9ʧǼA1?NO2Eȭ́ʦ̉FNO2EȲāɆƃDX<?ɩCZ
ÊɆƃ(6 mg Nkg-1)EŁĜFNO3MEŉǃ'°ˢCȭ́ʦ̉@!<9'NO2Ȳā
Ɇƃ' 30 mg N kg-1, 150 mg N kg-1EŁĜéȽŗǯȏƦʍʡA1?FĮĕ@(C"
ʍʡ'ľͤ̀ő&Y 1ǞƔEǤɉ@͵ÿ_̅$?"9Q96 mg N kg-1ȲāĆ@!
<?UĮĕ@(C"ʍʡ' 20%~40%ʅƃŗĹ1NO3ÂŊEƌƦMŉǃ/\[ NO2
'ŗĹ3[-A'ɿĨ/\9-EĮĕ@(C"ʍʡFKCl @FƳò@(C"ǯȏ
ƦMAŉǃ/\ķŇDȕŗ1?"[&Q9Fľͤ¯DitƦA1?Ǐò/\9Aǁ
ŝ/\[7E9TķŇD NO2_Ȳā19ǷÄ@ N2OMAŉǃ/\[ 15N̵_ľͤ
p£E|t¥t_y£l3[-A@ŝ̵197EʧǼ30 mg N 
kg-1@F 15N ' N2O MAŉǃ/\[ÿĜ'ǭUͦ*ȲāƔ 4 Ǥ́EǤɉ@ʞ 6ͩE
15N ' N2O MAŉǃ/\9-\YE-A&YɿĨɭD@F!['NO2EŗĹ̵
'ˠǓE NO2ȭ́ʦ̉E£tDÍɢ3[-AʍʡƙɞEʦ̉V̜ƃ_&$#[
-A'ɿ/\9 
 
 7-@4 ʏ@FŞ͎Dɞń¯D%,[ NO2ɠƪ¤ȭ̜́ƃEóŸA7EúƗˢ
į_˹Ǿ19-\YEǘ͘@Fǘ͘¨̬&Y©̬D&,?pHVĠȚəEǷÄ'
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ŉą3[9Tǘ͘¨̬&Y©̬D&,?Ȗ͊ɭDp££l_˗"A*D˝űȡ
Eǘ͘¡|@FķŇɝąřơEɩC[ķŇ́@E NO2ăƦEȘ̌ANO2ȭ́
ʦ̉E˲ʣCȘ̌_˗<9-\Yͱ=EȃǻķŇ@Fì̛1? NO2ɆƃFÊ&<9
'NO2ɠƪ¤ȭ̜́ƃFŌ(CÞ_ɿ1"4\EķŇ@U NO2EŽĻȿɦǤ́F
Ǔćó&YǓǤ́EÞ_ɿ19ǝƐɺʊ(2013žƃǶǻĊȆ˺Ǖ%XJ 2014žƃā
˖Ùň˺Ǖ)@ƖY\9 NH4+ɠƪ̜ƃA NO3ɠƪ̜ƃEÞ_ɢ"?ɼąD%,[ͱ
Ȗ͊E̱ą̢ʅ'7\8\BEX#C͂ÕD![&_˧Ǻ197EʧǼNH4+ɠƪ
̜ƃNO2ɠƪ̜ƃNO3ɠƪ̜ƃÉE͂ÕFpcVŰÉDX<?ɩCZɼą
¡vtEúƗD%"?NH4+ɠƪNO2ɠƪNO3ɠƪE7\8\'̳ˢ@![Ł
Ĝ'![-A'ɿĨ/\9NO2ɠƪ̜ƃAķŇɝąřơAEɲ͂˧Ǻ&YFĠȚ
əķŇǯȏɔE̵V̂D̞͂3[ƹȋ(éʍʡéɈʡDOC/DONȘ)'ǯƤCɲ͂
_ɿ1úƗˢįA1?̳ˢ@![Aʼ$Y\9Q9NO2F NO3:,@C*ɸ
Ǥ́E#;D DONV NH4+MAŉǃ/\ɕD DONMEŉǃF NO2E̳ˢCȭ́
¡vt@![Ě˂ơ'ɿ/\9 
  
 NO2−ăƦEɞń¯@EƎÿ_ǡY&19ÐF-\Q@DOA`BŗĹ54̓žD
C<?X#V*ĵŁtm¥@itƦʍʡEǏòA NO2−E̞͂ơE̳ˢơ'ɿ/\9
G&Z@![9A$GMaharjanA VentereaFɥĺD%"? 3ʆ͡EʿǗA 2ʆ
͡EǛȣ@ǜʿ_˗"N2O ǏòEúƗˢįD="?ɺʊ_˗<97EʧǼɠˀ
ǲ́¯E N2O|ktEʇʖÞ'ķŇ¯E NH4+V NO3−ɆƃEʇʖÞAFǯƤC
ɲ͂'C"¦Ǜ@ NO2−ɆƃEʇʖÞDX<?FX*(N2OŉăE 44%Â¨)˷ǡ/\[
-A_ˣ":1ɥĺķŇE NO2−˓ʇ_ȵŭ/5[ʗɝ' N2OǏò_ȵŭ/5[9T
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DǯĂ@![-A_ɿ19(Maharjan and Venterea 2013) 
 Q97\ÂŊDFNO2−Eɠƪ~£r(ķŇƩɅȮEľͤ¯E NO2−˓ʇ̵
DXZʖò3[)'̾ǲ́EșÝŉăDXZBEX#Cƍ͙_ė,[&_ǡY&D19
Ð'ŗĹ3[NiboyetYFˎĺɠƦʜD%"?CO2ɆƃșȷE¨Ǡͅ ͓EŅā
ʍʡÑʨ̵EŅā'ķŇEʍʡƙɞDBEX#Cƍ͙_ĒP3E&D="?̾ ǲ(7−8
ž)D^9[̴ŊǋÍŞͥ_˗"~£rE NO2−̱ą̜ƃF~£rE
NH4+̱ą̜ƃAɩC[ɞńˢįDƍ͙_#,[-A_ɿ19íËɭDFʍʡȲā
F NH4+̱ą~£r_Ņā/59'NO2−̱ą~£rDFǯƤCƍ͙_Ē
P/C&<9Q9͓ͅEŅāF NO2−̱ą~£r_ȵŭ/5[¦ǛNH4+
̱ą~£r_Ņā/59-\YE-AFNH4+̱ąA NO2−̱ąE¡vtF
șÝŉăVʍʡȩè̵EŅāDÇ<?ɩC[ƞʕ_3[-A_ɿĨ1?"[(Niboyet 
et al. 2011) 
 ǵɺʊ@F(1)NO2E'BEX#Cɔ̂MAŉǃ/\[E&_ɱǀȸŝ3[A"#
ƬȣA(2) NO2ɠƪ̜ƃ_ʖò1NO3Eɠƪ̜ƃAE̵ɭC͂Õ_Ș̌3[A"
# 2 =EǛȣ@NH4+&Y NO3Q@E̱ą̢ʅÉDʍʡ' NO3ÂŊEƌƦMU
ŉǃ/\[-A@ʜ&YEǆŎͪitƦMEŉǃ ͫ!["FʜME×Ƹ(ǯȏɔME
ŉǃ) 'ɠ2#[-A_ǡY&D19Q9NH4+, NO2, NO3ɠƪ̜ƃE͂Õơ&Y
FɼąEͰȖ͊ɰ(NH4+NO2)AͱȖ͊ɰ(NO2NO3)@FɩC<9úƗ'F9
Y(#[-A'ɿĨ/\9-EX#DNO2Eƺă_¡| @ǡY&D1
9ɺʊF-\Q@DC*NO2EăƦ_ŋȊCķŇD%"?Şȸ3[-A@öT?ǡ
Y&DC<9ɷˣ@![NO2_Şȸ3[-AEùɉE¦=Fƚɠɔ'˗#ʍʡE
ŉǃAɱǀȘ̌Ě˂C¡¥EƢŀ_$Y\[-A@!Z(9A$Ga£a̱
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ąƚɠɔEa£z£tVȨơA NO2ɠƪ̜ƃ)½ƔƚɠɔƢŀA!^5?˽˺_˗
#-A@ʍʡƙɞEɝ˧'ȰQ[-A'ǲƒ/\[Q9NO2'ǯȏƦʍʡMA
ŉǃ/\[huV7\'ķŇDBEʅƃ×Ƹ/\#[E&itƦMEŉǃA
1?BEX#Cɔ̂(HONO, NO, N2OCB)MEŉǃ'̳ˢ@![E&_ǡY&D
1?"*Ɲˢ'![Aʼ$Y\[ 
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Appendix 4.1. soil characteristics in Fukuroyama  
 slope 
position 
(m) 
               
layer  pH  water content  TC  TN  C/N  DOC  DON  DOC / DON 
    (%)  mgC g-1  mgN g-1     mgC kg-1   mgN kg-1   
A0 0                        
A0 10  5.9  bcd (0.1)  44.0  a (1.1)  193.6  ad (10.7)  8.0  ab (0.4)  24.3  c (0.5)         
A0 20  5.8  ad (0.1)  45.6  a (1.5)  245.1  bcd (16.1)  11.6  bc (1.1)  22.3  ac (3.1)         
A0 30  5.8  ac (0.0)  44.8  a (2.0)  148.6  a (27.0)  7.8  ab (1.1)  18.7  ac (0.9)         
A0 40  5.7  ad (0.0)  40.3  a (3.1)  135.2  a (21.8)  6.9  a(1.1)  19.5  ac (0.8)         
A0 50  6.2  d (0.1)  48.3  a (2.4)  182.5  ac (29.4)  9.5  ac (1.4)  19.0  ac (0.6)         
A0 60  6.0  cd (0.0)  44.7  a (0.5)  163.0  ab (14.2)  9.7  ac (0.8)  16.8  a (0.4)         
A0 70  6.0  cd (0.0)  49.5  a (1.8)  184.1  ac (15.6)  10.2  ac (0.7)  18.0  ab (0.3)         
A0 80  6.1  cd (0.0)  47.2  a (7.5)  290.0  d (14.7)  12.8  c(1.0)  22.9  bc (1.0)         
A0 90  5.5  a (0.2)  45.1  a (6.7)  227.4  ad (21.6)  10.8  ac (0.8)  21.0  ac (0.9)         
A0 100  5.9  bcd (0.0)  49.0  a (8.4)  270.3  cd (24.2)  12.1  bc (0.6)  22.3  ac (1.3)         
0-10 cm 0  5.6  ac (0.3)  21.4  a (2.2)  71.1  a (13.5)  3.6  a(0.6)  19.2  c (0.7)  101.1  a (31.9)  14.0  a(3.8)  6.5  ab (0.8) 
0-10 cm 10  5.4  ab (0.1)  21.9  a (0.5)  65.3  a (8.1)  3.9  a(0.2)  16.6  ac (1.4)  243.5  a (122.2)  40.9  a(18.8)  5.7  ab (0.8) 
0-10 cm 20  5.2  a (0.2)  21.4  a (1.6)  73.9  a (8.4)  4.6  a(0.5)  16.2  ac (0.8)  236.2  a (67.6)  33.8  a(9.7)  7.5  a(1.6) 
0-10 cm 30  5.7  ad (0.1)  23.8  ab (1.2)  107.6  a (20.6)  6.0  a(0.8)  17.4  bc (1.0)  224.8  a (30.5)  38.7  a(7.3)  6.2  ab (0.8) 
0-10 cm 40  5.8  ad (0.1)  25.0  ab (0.8)  46.6  a (8.1)  3.3  a(0.3)  13.7  ab (0.8)  133.3  a (35.7)  23.8  a(3.3)  5.3  ab (0.6) 
0-10 cm 50  6.1  cd (0.1)  31.3  ab (3.4)  61.8  a (9.9)  4.6  a(0.6)  13.3  a (0.4)  109.4  a (23.3)  23.0  a(4.9)  4.8  ab (0.3) 
0-10 cm 60  6.1  cd (0.0)  32.1  ab (1.5)  95.1  a (2.8)  6.5  a(0.3)  14.7  ab (0.3)  128.7  †a (15.7)  28.5  a(2.5)  4.5  †ab (0.2) 
0-10 cm 70  6.2  d (0.1)  31.7  ab (1.2)  76.6  a (26.5)  5.4  a(1.5)  13.3  a (0.9)  103.3  a (30.4)  22.5  a(4.1)  4.4  ab (0.3) 
0-10 cm 80  6.2  d (0.0)  34.2  ab (4.6)  52.3  a (8.0)  3.6  a(0.4)  14.5  ab (0.6)  69.8  a (7.4)  17.5  a(1.8)  4.0  b(0.2) 
0-10 cm 90  6.2  d (0.0)  37.8  ab (9.6)  67.8  a (9.0)  4.6  a(0.5)  14.6  ab (0.6)  132.5  a (31.4)  30.9  a(8.8)  4.5  ab (0.3) 
0-10 cm 100  5.9  bcd (0.1)  40.8  b (1.4)  60.2  a (12.2)  4.3  a(0.7)  13.5  ab (0.7)  103.4  a (15.3)  28.3  a(6.3)  3.8  b(0.2) 
slope position means distance from top of the slope      
Data are shown as mean with SE in parentheses. n=5 except for †(n=4).      
Different letters denote significant differences among sites (p<0.05) based on one-way analysis of variance (ANOVA) with post hoc Tukey-Kramer.      
Data from Kato (2015)      
4.1
Appendix. 4-2(A) 15N recovery at 0.5 hr incubation        
 slope 
position 
  NO2-  NO3-  NH4+  DON  unrecovered 15N 
layer            
       (%)    
A0 0   N/A    N/A   N/A    N/A    N/A  
A0 10   34.4  b (1.2)  23.0  bc (4.2)  0.69  a (0.1)  27.17  a (6.5)  14.75  ab (4.3) 
A0 20   29.6  ab (1.5)  4.1  ab (3.8)  0.90  a (0.1)  43.41  ac (3.3)  18.86  ab (3.9) 
A0 30   30.2  ab (2.5)  -10.2  a (1.8)  1.37  a (0.2)  59.65  bcd (4.9)  18.91  ab (3.8) 
A0 40   28.4  ab (2.7)  -7.0  a (1.5)  1.51  a (0.5)  52.43  bcd (4.8)  24.66  b (5.8) 
A0 50   34.5  b (1.8)  -2.9  a (4.5)  0.76  a (0.2)  58.76  bcd (4.8)  9.55  ab (2.0) 
A0 60   30.1  ab (2.6)  23.5  c (8.1)  0.67  a (0.2)  35.75  ab (6.8)  9.90  ab (2.3) 
A0 70   30.6  ab (1.5)  -4.0  a (4.7)  0.72  a (0.2)  61.16  cd (5.3)  11.52  ab (1.9) 
A0 80   29.2  ab (0.9)  -8.5  a (3.1)  0.36  a (0.0)  75.05  d (3.3)  3.82  a (0.9) 
A0 90   19.2  b (5.2)  -2.7  a (2.9)  1.29  a (0.6)  60.81  cd (7.1)  21.34  ab (8.9) 
A0 100   25.1  ab (1.1)  -2.7  a (1.7)  0.54  a (0.1)  62.76  cd (2.6)  14.31  ab (1.9) 
0-10 cm 0   24.2  ab (5.2)  27.8  a (11.0)  1.64  ab (0.5)  2.33  a (11.5)  44.05  c (6.7) 
0-10 cm 10   26.2  ab (3.9)  16.1  a (4.9)  1.51  ab (0.3)  27.82  a (4.3)  28.37  ac (8.0) 
0-10 cm 20   19.1  ab (5.3)  27.3  a (8.2)  2.12  b (0.6)  11.73  a (12.4)  39.71  bc (10.4) 
0-10 cm 30   18.8  ab (3.8)  37.3  a (16.7)  2.27  b (0.4)  10.21  a (15.6)  31.36  ac (6.7) 
0-10 cm 40   28.0  ab (2.7)  43.4  a (8.7)  1.30  ab (0.3)  -1.25  a (9.5)  28.54  ac (4.5) 
0-10 cm 50   33.7  b (2.3)  55.7  a (16.6)  0.81  ab (0.1)  -5.49  a (17.0)  15.28  ab (2.3) 
0-10 cm 60   25.1  ab (2.6)  58.6  a (12.5)  0.92  ab (0.4)  -7.47  a (12.1)  22.87  ac (4.6) 
0-10 cm 70   33.4  b (4.0)  54.1  a (13.6)  0.89  ab (0.3)  2.29  a (16.1)  9.32  a (4.4) 
0-10 cm 80   35.7  b (2.0)  61.3  a (11.9)  0.22  a (0.0)  -3.25  a (13.0)  5.96  a (2.1) 
0-10 cm 90   26.3  ab (1.3)  60.9  a (11.5)  0.46  a (0.1)  1.28  a (14.5)  11.05  a (3.9) 
0-10 cm 100   13.7  a (4.1)  68.4  a (5.3)  0.32  a (0.1)  8.58  a (6.2)  8.97  a (2.6) 
Different letters denote significant differences among sites (p<0.05) based on one-way analysis of variance (ANOVA) with post hoc Tukey-Kramer.  
Data are shown as mean with SE in parentheses. n=5 
N/A means Not Available 
4.2%(A)
Appendix 4.2(B). 15N recovery at 2hr incubation         
 slope 
position 
  NO2-  NO3-  NH4+  DON  unrecovered 15N 
layer            
       (%)    
A0 0   N/A    N/A   N/A    N/A    N/A  
A0 10   14.2  c (2.2)  -3.5  a (1.9)  1.7  ab (0.3)  60.3  c (8.2)  27.3  a (6.2) 
A0 20   6.1  ac (1.7)  9.8  ab (1.6)  2.3  ab (0.4)  45.1  bc (6.0)  36.7  a (7.0) 
A0 30   6.6  ac (1.7)  13.4  ac (2.2)  2.7  b (0.4)  39.4  ac (7.2)  37.9  a (4.5) 
A0 40   8.3  ac (2.0)  28.2  bcd (1.8)  2.6  ab (0.5)  26.1  ab (3.1)  34.9  a (5.0) 
A0 50   11.3  bc (2.9)  32.5  ce (2.7)  2.0  ab (0.5)  29.2  ab (2.7)  25.0  a (1.4) 
A0 60   5.3  ab (2.3)  47.1  def (3.2)  1.5  ab (0.8)  22.6  ab (3.9)  23.4  a (4.3) 
A0 70   5.5  ab (1.8)  45.5  def (2.9)  1.4  ab (0.5)  22.3  ab (3.1)  26.2  a (1.8) 
A0 80   2.6  a (0.6)  48.0  ef (4.9)  0.4  a (0.1)  25.0  ab (5.1)  24.0  a (1.7) 
A0 90   1.0  a (0.6)  51.6  ef (9.9)  1.0  ab (0.4)  17.9  a (7.6)  28.5  a (4.2) 
A0 100   1.4  a (0.3)  52.3  f (3.5)  N/A    N/A    27.6  a (2.1) 
0-10 cm 0   17.4  a (5.0)  16.1  ab (6.2)  2.4  c (0.6)  18.1  ab (6.6)  46.0  bc (6.7) 
0-10 cm 10   17.0  a (3.8)  9.4  a (6.1)  N/A    N/A    38.5  ac (8.4) 
0-10 cm 20   12.9  a (5.0)  20.5  ab (8.0)  2.3  bc (0.5)  9.1  ab (10.6)  55.2  c (7.5) 
0-10 cm 30   12.1  a (2.5)  24.3  ab (9.2)  2.6  c (0.3)  29.7  b (7.3)  31.3  ac (4.7) 
0-10 cm 40   18.8  a (3.0)  25.6  abc (6.0)  1.8  ac (0.3)  21.2  ab (6.4)  32.6  ac (3.8) 
0-10 cm 50   20.4  a (3.1)  36.5  ad (11.4)  1.6  ac (0.2)  26.6  ab (12.8)  14.9  a (5.6) 
0-10 cm 60   11.2  a (2.0)  43.7  ad (8.3)  1.2  ac (0.4)  13.2  ab (10.8)  30.7  ac (6.1) 
0-10 cm 70   21.9  a (5.1)  35.0  ad (7.9)  1.3  ac (0.2)  17.2  ab (10.9)  24.6  ab (6.5) 
0-10 cm 80   20.9  a (3.3)  52.3  bd (7.9)  0.5  a (0.1)  14.6  ab (7.3)  11.6  a (2.0) 
0-10 cm 90   10.5  a (1.9)  61.7  cd (3.4)  0.7  ab (0.1)  11.4  ab (5.6)  15.7  a (2.7) 
0-10 cm 100   26.9  a (4.2)  64.6  d (6.2)  0.3  a (0.1)  0.0  a (11.1)  23.4  ab (8.9) 
Different letters denote significant differences among sites (p<0.05) based on one-way analysis of variance (ANOVA) with post hoc Tukey-Kramer.       
Data are shown as mean with SE in parentheses. 
n=5               
N/A means Not Available 
4.2%(B)
Appendix.4-3 NH4+/NO3- transformation rates and MRT in Fukuroyama soils  
   NH4+ 
 NO3– 

slope 
position 
 
layer 

concentration
‡ 
 production‡ consumption‡ 

MRT 


concentration‡

 production‡ consumption‡ 

MRT 
 m  mg N kg-1  mg N kg-1 d-1   d   mg N kg-1  mg N kg-1 d-1  d 
A0 0  N/A    N/A  N/A    N/A    N/A    N/A   N/A    N/A  
A0 10  5.4  ab (1.0)  10.5  a (0.9) 11.8  a (1.3)  0.5  a (0.08)  2.4  a (1.9)  0.7  † a (0.3) 1.3   (0.8)  8.0  †† (4.9) 
A0 20  6.6  ab (0.8)  13.8  a (0.3) 16.8  a (0.8)  0.5  a (0.06)  2.6  a (1.2)  1.6  ab (0.4) 1.1   (0.2)  2.5  † (0.9) 
A0 30  11.0  b (2.8)  12.8  a (4.9) 17.5  a (8.0)  3.9  a (3.21)  2.4  a (1.8)  1.3  ab (0.6) 1.3  † (1.0)  1.8  † (0.5) 
A0 40  8.6  ab (1.2)  9.7  a (2.0) 13.9  †a (3.2)  1.0  a (0.22)  2.8  a (2.1)  1.1  a (0.4) 0.3  †††  2.0   (0.8) 
A0 50  7.7  ab (1.1)  14.9  a (2.2) 11.9  a (6.4)  0.5  a (0.08)  3.6  a (1.1)  3.2  ab (0.7) 4.1  †††  1.1   (0.4) 
A0 60  8.3  ab (1.2)  15.2  a (2.6) 14.7  a (1.1)  0.6  a (0.02)  10.9  a (5.0)  2.5  ab (1.3) 1.3  † (1.1)  2.3  †† (0.4) 
A0 70  7.0  ab (0.5)  14.1  a (2.2) 13.6  a (2.3)  0.6  †a (0.07)  7.7  a (1.9)  6.7  b (2.8) 8.3  ††(4.2)  4.1   (3.8) 
A0 80  3.8  a (0.4)  12.1  a (1.0) 13.5  a (1.1)  0.3  a (0.03)  11.1  a (4.9)  2.8  † ab (0.7) 1.2  †††  5.1  † (2.0) 
A0 90  7.5  ab (1.5)  12.7  a (2.0) 20.5  a (7.4)  0.6  a (0.08)  13.3  a (2.1)  3.9  ab (0.7) 2.8  †††  3.6   (0.5) 
A0 100  5.8  ab (0.8)  11.8  a (1.9) 12.2  a (1.6)  0.5  a (0.06)  13.0  a (4.1)  3.0  ab (1.1) 4.3  † (1.3)  9.0   (4.6) 
0-10 cm 0  1.3  a (0.4)  2.3  a (0.7) 2.7  ab (0.7)  0.6  a (0.08)  n.d.      0.1  ††ab (0.0) 0.1  ††(0.0)  5.7  †††
0-10 cm 10  2.3  a (0.6)  4.1  a (1.8) 4.9  †ab (2.4)  0.8  ab (0.31)  0.4  a (0.5)  0.4  † ab (0.3) 0.1  † (0.1)  4.9  †† (2.7) 
0-10 cm 20  6.4  a (5.3)  3.7  a (1.9) 9.1  ab (6.7)  1.1  †ac (0.52)  0.1  a (0.2)  0.1  a (0.0) 0.1   (0.0)  38.8  
†††
† 
0-10 cm 30  6.7  a (2.7)  5.5  a (1.2) 17.0  b (6.6)  1.1  ac (0.30)  0.9  ab (0.9)  0.6  † ab (0.4) 0.1  ††††  2.6  †††
0-10 cm 40  2.9  a (0.5)  1.9  a (0.7) 1.6  a (1.0)  2.6  c (0.80)  0.3  a (0.2)  0.1  a (0.0) 0.1  ††(0.1)  4.0  †† (2.2) 
0-10 cm 50  3.3  a (0.7)  5.7  a (1.2) 8.8  ab (1.9)  0.7  a (0.12)  1.9  ab (1.0)  0.8  ab (0.4) 0.4  ††(0.2)  3.4  †† (0.8) 
0-10 cm 60  3.5  a (0.2)  5.3  a (0.3) 1.0  †ab (4.6)  0.7  a (0.07)  3.7  ab (1.5)  1.4  ab (0.5) 1.1  ††(0.9)  3.0  † (0.7) 
0-10 cm 70  4.0  a (0.2)  1.9  a (0.4) 2.2  ab (0.5)  2.4  bc (0.32)  1.3  ab (0.5)  0.8  † ab (0.2) 0.2  ††(0.1)  1.9  † (0.7) 
0-10 cm 80  3.6  a (0.4)  3.3  a (1.2) 5.6  ab (1.6)  1.5  ac (0.42)  3.5  ab (0.8)  1.5  ab (0.5) 0.7  ††(0.4)  2.8   (1.3) 
0-10 cm 90  3.4  a (0.9)  5.9  a (1.7) 5.0  ab (1.2)  0.7  a (0.12)  6.7  ab (3.0)  2.7  b (1.3) 2.6  ††(2.0)  2.6   (0.5) 
0-10 cm 100  2.3  a (0.2)  2.4  a (0.5) 2.9  ab (0.6)  1.1  ac (0.1)  8.8  b (4.0)  1.2  ab (0.2) 1.2  †††  8.0   (4.4) 
Different letters denote significant differences among sites (p<0.05) based on one-way analysis of variance (ANOVA) with post hoc Tukey-Kramer.  
Data are shown as mean with SE in parentheses. n=5 except for †(n=4), ††(n=3), †††(n=2) and ††††(n=1). 
N/A means Not Available 
The mean residence time (MRT) was calculated as MRT [d] = NH4+ or  NO3− pool size /  NH4+ or NO3- production rate 
‡Data from Kato2015 
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